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iriieeeeee OP Vb EENG TmyOF THE MIXING PERIOD 
ON THE QUALITY OF THE CONCRETE MIXED IN 
STANDARD PAVERS 


BY THE DIVISION OF MANAGEMENT, BUREAU OF PUBLIC ROADS! 
Reported by J. L. HARRISON, Highway Engineer 


the mixing of concrete for highway pavement 

indicates that 33 States require a one-minute 
mix, 6 a one and one-fourth minute mix, and 9 a one 
and one-half minute mix. Specifications are con- 
stantly being changed and a summary of this kind may 
be in error before it is published. This is mentioned 
only to indicate the lack of standardization now 
prevailing. 

It may be admitted at once that absolute standardi- 
zation of highway practice in all of its elements is 
neither practicable nor desirable. Conditions vary 
from place to place and as a general rule are not so 
uniform over an area as large as the United States as 
to justify the adoption of uniform requirements. But 
in respect to the mixing time of concrete a somewhat 
different condition prevails. The same kinds of mixers 
are used from one coast to the other and their mixing 
action is not subject to regional variation. Cement is 
a relatively uniform product, and water outstandingly 
so. Aggregates differ considerably and are used in 
different proportions, but there is very little reason to 
suppose that the variations permitted have any impor- 
tant effect on the physical processes involved. These 
and other minor considerations suggest that the com- 
monly accepted reason for varying specified practices 
from region to region—namely, that variations in the 
controlling conditions compel these variations—does 
not properly apply here. 


A RECENT survey of the specifications governing 


EFFECT OF MIXING TIME UPON QUALITY OF CONCRETE ONLY FIRST 
PHASE OF INVESTIGATION 


The required mixing period establishes a limit on the 
amount of concrete which can be placed during any 
given period of time. Previous studies have shown 
that with a mixing period of one and one-half minutes, 
only 34 batches can be placed per hour, which is 340 
batches per 10-hour day; or, for a standard 18-foot 
Maricopa section, about 910 lineal feet of pavement if 
a 6-bag batch (1:2:31% mix) is used.” If a one-minute 
- mixing period is specified, 48 batches can be placed per 
hour which, under the same conditions, is about 1,290 
lineal feet. If operating costs (labor, equipment 
operation, depreciation, etc.) run about $400 per work- 
ing day—and, while these costs differ somewhat from 
place to place and from job to job, this figure is as fair 
as any, the labor and equipment costs, overhead, etc., 
incident to laying concrete pavement can not in the 
first case be cut much under 22 cents a square yard, 
while in the second case, they can be forced down to 
about 15 cents—a saving which runs into large figures 
when the amount of pavement laid annually under a 
long-time mixing requirement is considered. 





. 1 This study was made possible through the hearty cooperation of the several State 
highway departments and the contractors ren the construction. Among the field 
men of the bureau engaged He as work were A. C. Taylor, C. F. Rogers, R. E. 
“pga A. Blanchette, . Kesting, F. 'R. Hall, 

2? HARRISON, J. L. EFFICIENCY IN CONCRETE ROAD CONSTRUCTION, Public Roads, 
vol. 6, Nos. 9, 10, 11, 12, and vol. 7, No. 1. 
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F. W. Pierce, jr., and 





The ultimate objective of the investigation of which 
this paper is a partial report is the more accurate 
determination of the effect of variation in the mixing 
time upon the cost of concrete production. At the 
outset, however, it has been recognized that require- 
ments of strength and uniformity probably impose a 
definite limit below which it is not safe to reduce the 
mixing time in order to obtain further reduction of 
cost. Hence, as a first phase of the investigation, a 
study has been made of the effect of several mixing 
periods upon the quality of the resulting concrete 
product. 

In a general way research has indicated that there 
is a difference between the strength of concrete mixed 
for very short periods and that mixed a long time. 
This investigation is not designed to attack this con- 
clusion and does not set it aside. Rather, a situation 
is faced in which at the moment our interest is neither 
in the effect of very short-time mixing, because modern 
pavers can not be served fast enough to make any real 
use of a mixing period shorter than 45 seconds, nor in 
mixing periods beyond about 90 seconds, because these 
already have been generally abandoned as obviously too 
expensive to justify whatever benefit to quality may 
result from their use. 

But, while the question directly involved is as to the 
effect of mixing periods of from 45 seconds to 90 
seconds on quality, it may be well to repeat that the 
controlling purpose of the investigation has been to 
determine whether the cost of concrete pavements 
can be reduced through modifications in the pre- 
vailing specifications as to the time concrete must be 
mixed. In other words, this is not to be considered 
as a research on the general relationship existing 
between mixing time and strength. No effort has 
been made to extend the scope of the investigation 
much beyond the rather narrow range of time limits 
which may be applicable in the paving field, or to 
examine ranges in water content not appropriately 
used in this field. 

On account of the deliberately limited scope of the 
investigation this report is not to be accepted as justi- 
fying a shortened mixing period when types or sizes of 
mixers other than the standard 21E and 27E pavers 
are used; nor do the conclusions which are drawn apply 
to concrete of other mixes (including water) than those 
in general use in highway work. The writer does not 
know that the results do not apply to these other con- 
ditions. These simply have not been examined, and 
conclusions can not be drawn. 


THE EFFECT OF MIXING TIME ON PRODUCTION 


Under current specifications, as commonly enforced, 
the minimum time required per batch for various 
mixing periods and the number of batches that could 
be produced in an hour if the rates shown could be 
maintained without interruption or loss of time, are 
given in Table 1. To produce concrete at the rates 
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shown for the several mixing periods 1t must be assumed 
that there is no loss of time between batches, and that 
the mixer is operated continuously for the full length 
of the working day. In practice, such full production 
is seldom if ever attained; and production averaging 
70 per cent of the theoretical maximum would ordin- 
arily be considered quite satisfactory. 


TaBLE 1.—Minimum time required per batch for various mixing 

















periods 
| | 
dn enivied mining tink 144 134 1h 
Specified mixing time | minutes | minutes | minute | minute 
= ee ee | 
| Seconds | Seconds | Seconds | Seconds 
TO Tals SKIp os at eancee aoe een eee | 10 10 10 10 
Charging lag (to permit all material torun | 
into arom) ons 25 eee aes ee 5 5) 5 5 
Actual mixing time, all other operations 
filly overlappedic coo ees behest Es eee 90 | 75 60 45 
otalitime required 2 sess. aes 105 90 75 60 
Batches to be had per hour----------.---- 34 40 48 60 











Whether the mixing period be one and one-half 
minutes or three-fourths minute, therefore, it must be 
recognized at the outset that the full production 
corresponding to the two periods can not be hoped for. 
From a practical standpoint the important questions 
are whether the reduction in the mixing period can be 
utilized to increase production and how fully it can be 
utilized. These are questions which are being studied 
in another phase of the current investigation. 

It must be admitted that it is much easier to organize 
a job to serve the mixer fully for a one and one-half 
minute mix than it is to serve a three-fourths minute 
mix. Still, records collected by the bureau’s represent- 
atives on 19 jobs in a State where a one and one-fourth 
minute mix is required, show an average hourly output 
of only 22 batches during periods when work is under 
way, while an average hourly production of over 40 
batches is rather common in another section where a 
one-minute mix is permitted, and averages of over 45 
batches per hour are known to have been sustained 
over considerable periods of time. This suggests that 
there is a tendency for the actual rate of production 
to fall below the maximum permissible rate whether 
the latter be relatively low or high, and that the actual 
rate rises as the permissible rate is raised. If this be 
true, then the questions that remain to be determined 
are (1) to what minimum period is it possible to reduce 
the mixing time and economically utilize the time saved 
to increase production, and (2) what is the minimum 
period of mixing that will produce a concrete of satis- 
factory strength and uniformity. The first of the 
questions is being attacked in the other phase of the 
investigation, previously mentioned; the second is the 
subject of this report. 


STUDIES COVER A WIDE SCOPE 


In collecting the data reported in this article studies 
have been made on projects in Michigan, Missouri, 
Kansas, Tennessee, Texas, South Carolina, and Okla- 
homa. Over 2,000 cylinders have been broken, 
records on some 1,500 of which are reported in this 
article, together with a considerable number of beams 
and cores. 

All of this work has been done in cooperation with 
the State highway departments of the States where 
studies were made and in harmony with the technical 


suggestions of the State engineers. Numerous con- 
tractors have cheerfully furnished conerete for the 
cylinders and the beams without charge, and often 
have contributed labor and in other ways assisted in 
making this study a success. 

The prevailing opinion as to the importance of 
mixing time is based almost entirely on determina- 
tions of compressive strength which is the most gener- 
ally accepted criterion of quality, and it has been freely 
used in this series of studies. To have done otherwise 
would have raised a reasonable question as to what the 
results mean in terms known and accepted by the 
industry generally. 

The use of cores taken from the finished work has 
some advantages over the use of cylinders as a means 
of determining what strength is actually being ob- 
tained. Where it has been possible to do so, cores 
have been taken as a check on the results obtained 
from the cylinders. 

The modulus of rupture has recently come into some 
use as a means of studying quality. While it is by no 
means well established as such, or as well standardized 
as the compression test, it has been deemed wise to 
use both cylinders and beams on a few of the jobs 
where studies were conducted, the purpose being to 
learn whether transverse bending tests would show 
results clearly different from those obtained by using 
standard compression tests. 

The general plan of this study follows the usual 
practice in studies of this sort, in that it is a series of 
determinations of compressive strength of molded 
cylinders, but the compressive-strength data which. 
has been secured has been amplified and confirmed by 
tests on cores and on beams as often as field conditions 
permitted. It should, therefore, be somewhat more 
conclusive than a study based on only one of these 
methods of determining quality. 


PROCEDURE IN FIELD STUDIES DESCRIBED 


The details of these studies have varied a little from 
job to job, these variations having been dictated in part 
by the information gathered as a result of the earlier 
tests, and in part by the preferences of the State 
authorities whose cooperation was secured. On the 
first projects studied, cylinders were taken for 30- 
second, 45-second, 60-second, 90-second, 120-second 
and 180-second mixes. On later jobs the work was 
limited to 45-second, 60-second, and 90-second mixes. 
On occasional jobs a 75-second mix was used instead of 
or in addition to a 90-second mix. 

As a general rule the full batch was dumped on the 
subgrade at the end of the mixing period, material for 
one cylinder and for a slump test being taken from 
about the center of the batch. In a few instances more 
than one cylinder was taken from the batch. Generally 
no objection has been raised to the use of a limited 
number of short-time batches in the finished road but 
in a few cases the State authorities preferred not to do 
this, and in these cases the effect of short-time mixing 
(30 and 45 seconds) was determined by discharging only 
a portion of the batch from which a fair sample was 
selected. On two jobs (Michigan Federal-aid projects 
187A and 187B) a full series of cylinders (one-half 
minute to three minutes) was taken each day from a 
single batch, a sample of the concrete being discharged 
into a galvanized-iron bucket after each mixing period 
in the series, the balance of the material being retained 
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in the drum and discharged after the three-minute 
sample had been taken. While this sort of sampling 
is hardly to be recommended, no significant variations 
in results appear to have resulted from it or from any of 
the other differences in the manner of taking samples. 

Cylinders were prepared as required by the A.S.T.M. 
standards and, except as otherwise noted, were cured in 
moist earth until shipped to the laboratory. They 
were broken, as were all cores, under the practices 
prevailing in the Jaboratories to which they were sent, 
except in the case of work done in Missouri, where, 
through the courtesy of authorities of the University 











of Missouri, cylinders were broken in the university 
laboratory by one of the bureau’s engineers. All test 
cylinders and beams were broken at 28 days except in a 
few instances where they were broken at 27 or 29 days. 

Slump tests were made regularly as were moisture 
determinations and analyses of the aggregates used. 
A record was kept of the quality of the cement. The 
number of revolutions per minute at which the mixer 
drum was operated was determined at frequent inter- 
vals. The operation of the water tank was checked 
from time to time and the accuracy of the water 
gauges checked as often as conditions required. 





ORGANIZATION ON ONE OF THE JOBS STUDIED. 


PRACTICALLY ALL OF THE JOBS STUDIED WERE WELL ORGAN- 
IZED AND EQUIPPED 


TABLE 2.—Data on cylinders taken on Federal-aid project 136X in Kaufman County, Tex. 


[Mix 1:2:3.4; gravel coarse aggregate; Koehring mixer in good condition] 
























































30-second mix 45-second mix 60-second mix 90-second mix 120-second mix 180-second mix 
| 
= : 

Ww Com- Ww Com- Ww Com- w | Com- WwW Com- | _ | ow Com- | 

Slump — | pressive| Slump ~~ |pressive|Slump| — pressive | Slump | ~~ | pressive | Slump -— | pressive | Slump —- | pressive 
Cc strength Cc strength | C strength Can strength Cc strength im. © strength} 

| | | | : 

Lbs. per Lbs. per Lbs. per | Lbs. per Lbs. per Lbs. per 

Inches sq. in. | Inches sq. in. | Inches sq. in. | Inches sq. in. | Inches sq. in. | Inches | sq. in. 
0. 67 5, 470 14 0. 69 5, 620 1% | 0.66 5, 880 244 0.68 | 5,660 134 0. 66 5, 480 14 0.71 6,410 | 

2 ae al 5, 720 14 66 6, 080 14% | .66 6, 980 24 | .68 5, 520 2 . 63 6, 125 14 rtd 6, 460 
1% 63 5, 890 1% 69 6, 670 1 1 ey a 5, 310 2 | .65 6, 360 2 . 63 6, 550 244 | «68 5,570 | 

14% 63 6, 220 24% 74 ie ET) Pee . 67 6,970 | 2 | 65 5, 960 244 - 68 4,015 24 . 68 6, 180 

2 62 5, 000 44 77 5, 470 2 . 67 5, 520 2 . 66 6, 050 24% 68 4, 820 Qi Wy AOS” (ecu deeas 

1 67 5, 470 1y 55 5, 775 2 . 67 4, 750 1% | .58 6, 220 14 mriys 4, 870 23 A AGS Poem 

1 71 5, 720 iy | 55 6,575 | 2% . 68 6,450 | 114 68 | 6,310 1 . 57 4, 500 2 | 66 | 6,930 

oe eS ee a iy | 55 6, 110 24% | . 67 6, 280 1% | .58 6, 565 1l4 «57 5, 670 2 66 | 6, 230 

+ DE Ae 22 eee ee 14 55 6, 820 % | .66 | 6,670 | 1% .58 | 6,420 14 Oe. 4, 485 2 66 6, 870 
> St BROS, Ceieaee Pee ereeer Day eure Li Fie Eg a ta R20 ee nl 8 oe es See eBee, eas owe Fey Paes [one te | DBO Leeman 
ee eee Ce (eRe Sat ee are RY POR NRG ALLO Uaioe lie, pee ee a ee. She eee ee oe ge Ree eh 2 
oe es Ee eee ee a Get an ee ee oe eS FY NOS ee Ss Pe eee ee 
“op = es Pye eo ee RE Sed ee eee te ee 2 . 67 LW YUN | eee Re ee Se ae ee ee oS ew S) ee See sta 5c 
2+ +. || S2SEN) aS Ga pera ane ae 2 Diep oie [eevee i, fol, (US SR ee CSS ee oa (na 2 rats sal eee ate 2 
Eee ee ee | ae ed ee ee ewe ~ 67 DB 630) | Piarte | 8 oa eee et en CE. ee Ree ee eae ee 
2 Se eee ee SLE SS CRE Oe rer Fae a he Bae GRA SOs BOT AE Re Ge SRE 2 EY aes Piel ee EL CS eas Ee a eae ae 
Loon ee ES ee SERS? Mee ae Ae wees ae ee 4 Bd es Cd a eee [arene | een ae eee one OE ARE) (ii Tes ems eee arn etn 
Ss ae aa ee TN OPIS TE AT El cig Ee oes NR aee SURE URS Bee: SEA NOS ae aaa NNT 
| | - | al | 
AV. 1.25 . 664 5, 641 | 1. 25 | .639 | 6,172 1. 54 . $45 5, 867 1.39 .626 | 6,118 | 1.36 .618 | 5, 168 1. 94 68 6, 378 | 
| | | | | | | | | 























1 Water-cement ratio controlled at low point for test purposes. 
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DATA SECURED INDICATES STRENGTH NOT INCREASED BY LONGER 
MIXING PERIODS 


The tables which follow, together with the com- 
.ments on them, give most of the results obtained 
during the study and discuss the manner in which 
these tables bear on the question of appropriate 
mixing time. 





Maxine Stump Test AnD CasTiInG BEAMS ON OKLAHOMA 
FEpDERAL-AID Prosect 148E 


The cylinders and the cores recorded in Tables 2 and 
3 were taken from Texas Federal-aid project 136, 
Kaufman County, Tex., which was constructed under 
the direct supervision of S. J. Treadaway, county 
engineer, through whose courteous assistance this work 
was made possible. The high strength as well as the 
unusual uniformity of the results deserve special 
note. Except as otherwise noted, the cylinders taken 
on this job represent the normal run of concrete, no 
special precautions having been taken to insure a 
more uniform water content than was in ordinary 
use. Each cylinder represents a separate batch of 
concrete. Table 3 gives the strength of a group of 
cores cut from this pavement. The crushing strength 
of these cores entirely confirms the high quality of 
this concrete. The tendency of long-time mixing to 
slightly increase the slump should be noted. 

Table 4 gives the breaking strengths of a number of 
cylinders taken by the regular inspector, all of which 
were mixed one minute. These, too, confirm the high 
quality of this work. 

There js little to be said in explanation of the results 
shown by this series of cylinders. The average strength 
of cylinders mixed one-half minute is a little less than 
10 per cent lower than the strength of those mixed 
three-fourths minute. The average strength of the 
cylinders taken from batches mixed three-fourths 
minute is higher than the average strength of any 
other group except those mixed three minutes. How- 
ever, there is no significance in these differences as 
the three-minute cylinders average only about 3 per 
cent stronger than the 45-second cylinders, a difference 
so much less than the margin of error which must be 
allowed in work of this kind that it must be ignored 
unless it can be shown to persist through a long series 
of tests. 

The cores taken from the 45-second batches were 
stronger than those taken from the three-minute 


TABLE 3.—Resulis of compressive-strength tests made on cores taken 
from Federal-aid project 136 in Kaufman County, Tex.—Cores 
taken at ages varying from 28 to 55 days and tested within a few 
days after being drilled 























45- 120- 180- 
second | second | second | second | second | 
mix mix mix mix mix | 
Lbs. per | Lbs. per | Lbs. per | Lbs. per | Lbs. per | 
8g. in. i i i as 
5, 670 
| 6,080 
6, 240 
eee 
A ae Site ated Mee seers lmereaetets lle Seer 2 
ih 2 oe (000) Be ee ee 
Boe ede 5, 430.9 | see nes ae ee aed 
BaF A MOO Nee cee he nes a eee 
Av. 5997 5, 877 6, 485 6, 237 5, 880 
| 








1 Probably damaged; omitted from average. 


TABLE 4.—Compressive strengths of cylinders taken by regular 
inspector on Federal-aid project 186 in Kaufman County, Tex. 


[All batches were mixed 1 minute] 
(In pounds per square inch) 


5, 830 5, 450 6, 270 5, 530 
5, 840 5, 750 6, 680 5, 950 
5, 4 5, 620 6, 440 5, 610 
5, 470 6, 300 6, 810 5, 800 
5, 700 6, 750 6, 230 5, 600 
5, 320 6, 560 6, 630 6, 150 
5, 300 6, 000 6, 280 5, B45 
5, 900 6, 860 5, 480 6, 140 
5, 960 5, 730 6, 450 6, 500 
6, 210 4, 990 6, 150 6, 540 
6, 330 4, 870 5, 750 5, 620 
6, 530 5, 140 6, 500 6, 935 
6, 020 6, 360 5, 830 —s 
5, 540 6,720 5, 390 Av.65, 999 
6, 630 6, 690 4,970 
batches. As in the case of the cylinders, this difference 


is due to the wide difference between the maximum 
and minimum strength that is usually found in a 
series of cylinders or cores. A few more than the 
ordinary proportion of good or bad specimens will 
yield an average that is out of line. Taking this fact 
into consideration it does not appear that there is any 
significant difference in the strengths obtained under 
the various mixing times from 45 seconds up, either 
as indicated by the cylinders or by the cores. 

Another matter to be noted is that the uniformity 
of the results has not been increased by the longer 
mixing. The maximum variation in the strength of 
45-second cylinders is about 1,350 pounds. The maxi- 
mum variation in the strength of the three-minute 
cylinders is 1,360 pounds. This condition persists 
throughout this study. 

The matter of most importance is that concrete of 
the highest quality—averaging more than twice the 
strength commonly called for in specifications govern- 
ing this work—was obtained with a mixing time of 
45 seconds and that concrete having a strength of 
5,600 pounds and with a uniformity in test results 
equal to that secured by mixing the batch three 
minutes was mixed in 30 seconds. Time in this work 
was read from the instant the timer was set with no 
allowance for lag in getting materials into the drum. 
The mixing time, as used here, is, therefore, about two 
seconds less than the time required as specifications 
are commonly interpreted. This series of cylinders 
and cores suggests that mixing in excess of three- 
fourths minute, was not a factor in obtaining either 
strength or uniformity in test results and that the 
strength, at least as far as it can be determined by 
standard tests, depended on other factors. 
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NO DIFFERENCE IN RESULTS SECURED WITH STANDARD 21E AND 


6-bag mixers used on Texas project 415C. In this 


27E MIXERS : r 
case the average strength of concrete mixed 45 seconds 


Table 5 gives the strength of a few cylinders obtained was higher than that mixed a longer or a shorter period. 
from a job in Bowie County, Tex., which was con- There was some difference in the materials used on this 
structed under the immediate supervision of D. K. and the preceding job but the cement tested as high on 
Caldwell, consulting engineer. this job as on the other. The water content as de- 


TaBLE 5.—Results of compression tests on cylinders from Texas termined in the field was low. It will also be noted 


Federal-aid project 415C in Bowie County, all batches mixed 
1 minute 


[Mix 1:2:314; gravel coarse aggregate; Koehring mixer in good condition and new 
Ransome mixer] 

















|| | | 
Compres- | Compres- | | Compres- | Compres- | 
sive sive | sive sive | 
Slump strength— | strength— Slump | strength—! strength—| 
Koehring | Ransome | Koehring | Ransome 
mixer mixer | | mixer | mixer 
| r i | 
| ; 
Lbs. per | Lbs. per | | Lbs. per | Lbs. per | 
Inches sq. in. sq. in || Inches sq. in. sq. in 
1 Ossi Wwac-ssstese | 13% BOO Wee aes a 
1 PaaS) |e pies as || MN ce FA ee a, ee 7, 000 
1% 6, 790 6, 450 nA rade ee Soe 7, 620 
1% 6, 000 6, 060 ve a Pee ~---- 5, 875 
LAr pers. 5, 510 | 3 14,720 | 6, 490 
1% eat sie 4, 750 3 D700. ao, soa. 
a5 Soe 5,440 |) es .. 
1G ieleee a tae.! 5, 820 | Average... 6, 188 6, 101 pee ee 
13% O0Ge ese ne se. } | Say 

















Dryine Out a Batcu or FresH ConcrEeTE TO CHECK 


1 NotJincluded in average because of high water7content. PROPORTIONS AND WATER-CEMENT RaTIO 


TABLE 6.—Data on cylinders taken on_Federal-aid project 479 in Bowie County, Tex. 


[Mix 1:2:314; gravel coarse aggregate; Koehring and Ransome mixers in good condition] 










































































| 
30-second mix 45-second mix 60-second mix | 90-second mix 120-second mix 
2 aS ——— : —_s —- 
Com- w |_Com- | | Com- | | Com- Com- 
Slump W pressive | Slump e pressive | Slump Ww | pressive | Slump | pressive | Slump Ww pressive 
C | strength C | strength C \strength | | strength C | strength 
} | } 
Lbs, per Lbs. per i Lbs. per Lbs. per Lbs. per 
Inches sq. in. | Inches sq. in. | Inches | sg.in. | Inches sq. in. | Inches | sq. in. 
1% | 0.414 3, 420 134 | 0.649 4, 150 1% | 0.402 | 4,830 2 | 0. 560 4,790 2 0. 5382 3, 360 
3 . 469 3, 280 1% . 649 4, 380 14% .425 | 4,950 34 -618 | 3,920 34 . 534 4, 750 
yy - 462 4, 480 2 . 677 4, 400 1 . 369 4, 680 24 | .591 4, 590 1% . 503 3, 440 
1 . 498 4, 240 134 . 605 4, 510 134 . 515 | 3,440 | 234 | .612 | 4, 100 1 459 4, 850 
14% . 478 4, 920 1% - 617 4, 330 2 . 500 3, 750 4% - 537 4, 920 2 557 3, 630 
1% . 484 5, 200 1% . 537 4, 800 134 . 468 3, 650 1% . 543 4, 560 1% 523 3, 870 
%4 - 480 3, 920 244 - 632 5, 010 2 - 468 3,640 | 2% . 595 4, 600 14 . 437 3, 820 
1 477 4, 450 4% . 550 4, 660 1% . 515 3,920 | 2% . 566 4,910 1% . 503 3, 090 
1% 477 3, 070 2144 . 610 4, 560 2 .491 | ! 2,600 2 - 582 | Oy SOG [Paw saso shoe been Ne Soe 
% 465 4, 600 1% .572 | 4,010 24% -515 | 3,950 2 j Oli 4 O16 8 oss. eee ES ee 
Av. 1.17 . 470 | 4,158 | 1.62 . 610 4, 481 1.72 - 467 4, 090 2.20 | .582 | 4,477 1. 34 . 506 3, 851 
| | 

















1 Omitted from average. 


As in the Kaufman County work, the high strength 
of the concrete and the uniformity of test results de- 
serve special notice. No effort was made to vary the 
water content of the batches from which cylinders were 
taken from that used in normal operation. ‘The sig- 
nificant fact in this series of tests is that two mixers 
were used. The job was started with a 5-bag machine 
of the same type as used on the Kaufman County job 
which was replaced by a new 6-bag paver of a different 
make. The data secured show no material difference 
in the efficiency with which these mixers operate. It 
has not been possible to find any significant difference 
inithe efficiency with which the standard 21K and 
27E pavers of the different recognized makes mix con- 
crete, once the materials are in the drum. There is a 
little difference in the rate at which the materials are 
fed into the drum and in the case of the older models 
of one or two of the standard pavers, the drum is 
charged so slowly that this fact must be taken into 
consideration in determining the actual mixing time. 

Table 6 gives results secured from cylinders taken on 
another job where the concrete was mixed by the same 





that the water-cement ratio as determined varied quite 
a little and that the slump does not always agree with 
the water-cement ratio. The results of the field de- 
terminations of water content on this project are pub- 
lished in spite of the fact that they vary a good deal and 
in some instances are rather low, because they show 
the kind of variations almost certain to be encountered 
on a paving job and the difficulty which is faced in 
securing uniform water content and uniform concrete. 
The inspection on this job was far above average, 
the superintendent for the contractor, a man of out- 
standing ability, and the contractor, himself an engi- 
neer, a man whose first purpose appeared at all times 
to be the delivery of the best quality of work engineering 
skill could produce. The bureau’s work on this project 
was done by the same men who secured the data given 
in Tables 2,18, and 21. These facts appear to warrant 
the statement that the control of the major factors 
affecting strength requires more study in order to devise 
methods of construction that protect strength and uni- 
formity and at the same time are practical from the 
production standpoint. 
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SLOW CHARGING OF MIXER REFLECTED IN RESULTS 


Table 7 gives the strength of a number of cylinders 
taken on another job where the conditions prevailing 
were quite similar to conditions on the job from which 
the cylinders listed in Table 6 were taken. In this case 
the mixer—an old 5-bag machine—was about worn out. 
The machine charged so slowly—often requiring 20 
seconds or more for the complete discharge of the 
skip—that about 15 seconds should be deducted from 
the mixing time as recorded to make the results directly 
comparable with those secured on other jobs. Here, 
again, it is apparent that 45 seconds of actual mixing 





is sufficient to develop about all of the strength the mix 
will produce. 

In general, the mixers which have been studied 
developed practically the full strength of the concrete 
within 45 seconds after the skip reaches full vertical 
position—if the charging is slower than normal, that 
is, if emptying the skip actually takes much over five 
seconds—this has the effect of reducing the mixing 
time and, if an arbitrary 45-second mixing period is in 
use, may have a small adverse effect on strength. It 
may be well to note, however, that even in this case 
where the mixer was one of the most dilapidated found 
on any paving job, the loss of strength as between a 





TaBLE 7.—Data on cylinders taken on Federal-aid project 475 in Bowie County, Tex. 


[Mix 1: 2:314; gravel coarse aggregate; Foote mixer in poor condition] 




















45-second mix 60-second mix 75-second mix 90-second mix 120-second mix 180-second mix 
|} Com- | | Com- Com- | Com- Com- Com- 
Slump pressive | Slump _— pressive | Slump | pressive | Slump | pressive | Slump | pressive | Slump | pressive 
strength strength | strength strength strength strength 
Lbs. per Lbs. per Lbs. per Lbs. per Lbs. per Lbs. per 
Inches | sq. ins. Inches sq. in. Inches sq. in. Inches sq. in. Inches sq. in. Inches $q. in. 
1.25 | 4,700 1. 50 5, 610 1.:25 5, 250 2. 50 4, 520 2. 00 5, 490 2. 50 5, 260 
1,25 5, 330 1. 50 5, 450 1,:25 5, 120 2. 50 4, 860 2. 00 5, 3380 2. 50 5, 160 
. 50 4, 700 2. 00 5, 050 2. 50 4, 410 5. 00 4, 740 5. 50 4, 750 1. 50 5, 110 
. 50 5, 080 2. 00 5, 200 2. 50 4, 230 5. 00 4, 980 5. 50 4, 560 1.50 5, 460 
2. 00 4, 910 4.75 3, 100 ale. ee eee Ta SI cat 2. 00 4950. Ke Sees ole see 
2, 00 4, 210 4.75 pT 1h eee ee ae SS SE 2.75 | 5,560 2. 00 920 acer es ol eee ee 
AV. 1.25 4, 822 2.75 4, 727 1.88 | 4, 752 3. 42 4, 970 3. 17 5, 000 2. 00 5, 248 
| i 















































TABLE 8.—Data on cylinders taken on Federal-aid project 159A in Okmulgee County, Okla. 


[Mix 1:2:314; gravel coarse aggregate; Koering mixer in good condition] 






























































30-second mix 45-second mix 60-second mix 75-second mix 90-second mix 105-second mix 120-second mix 
| | | 
Ww Com- Com- Ww Com- | Ww Com- Com- Ww Com- | Ww Com- | 
Slump | — |pressive/Slump) — | pressive|/Slump; — pressive | Slump} — | pressive | Slump | pressive|Slump| — | pressive|Slump' — __| pressive 
| C | strength C ° | strength C | strength C | strength strength C - strength | C | strength 
* : are | es | | = 
Lbs. per Lbs. per Lbs. per | Lbs. per | Lbs. per Lbs. per | Lbs. per 
Inches | sq. in. | Inches sq. in. | Inches sq. in. | Inches sq. in. | Inches sq. in | Inches sq. in. | Inches sq. in. 
Peers eee! BOS ra Ua ie eae 0. 608 4, 940 134 0.675 | 4,860 1ys |0. 670 5, 150 134 |0.675 | 5, 200 18% 0.675 5, 400 1 (0.595 | 5,330 
34 | . 505 5, 045 1 . 565 4, 270 13% | .590 5,266; 1% | .646 5, 720 114 | . 646 4, 845 1 . 641 5, 320 48 | 641 4, 895 
1% | .676 | 4,948 1 646 6, 300 1% | . 655 4, 950 1 . 663 5, 650 avs | .516 4, 900 34 | .510 5, 650 ts | -510 5, 155 
+4 | .510 4, 750 34 | .578 4, 750 13% | . 655 4,415 1 . 578 4, 270 43] «2578 4, 210 34|.506| 4,645 vs | 2 545 5, 495 
34 | . 506 5, 210 1 . 506 5, 540 134 | .620 4, 950 | 1% | .598 4, 800 iz | . 545 4, 265 1 . 625 4, 645 14% | . 580 5, 000 
7; | . 530 4, 750 ve 571 | 4,390 | .595 4, 520 | 34 | .620 4, 690 1 . 678 4, 660 1 . 636 5, 750 #8 | . 655 5, 465 
14% | .681 |; 5,095 3s | -601 5, 210 34 | .588 5, 980 | 48 | . 593 5, 610 254 |) .633 5, 800 3 . 636 4, 845 1y5 | , 565 , 000 
+8 | .565 | 5,400 144 | .580 | 13, 600 . 603 5,000} 1s | .628 5, 710 13% | .624 5, 840 +8 | . 592 5, 210 1% .597 | 4, 950 
| tw |-.590; 65,160 13; | . 580 5, 800 3% | . 590 5, 450 134 | .624 4, 865 13; | .607 5, 650 275 | .607 5, 825 %)\.607 | 5,650 
15; | .646 | ~4, 800 1% | . 646 4, 910 6 | .688 3, 630 it . 701 5, 480 lys | .646 4, 160 2- | .646 4, 135 7 . 701 4, 060 
Av. 0.81 | .577| 4,990! 0.75 | .588 | 5, 123 1,49 | .626 4, 902 1.66 | .632 5, 194 1.26 | .615 4, 953 1.42 | . 597 5, 092 1.54] .595 | 5,100 | 
i t 









































1 Poor break, not included in average. 


TaBLe 9.—Data on cylinders taken on Oklahoma State-aid project 318 in Okmulgee County, Okla 


[Mix 1:2:314; gravel coarse aggre 


gate; Rex mixer in poor condition] 






















































































30-second mix 45-second mix 60-second mix 75-second mix | 90-second mix 120-second mix 180-second mix 

w | Com- |. w | Com- w | Com- w | Com- w | Com- w | Com- w | Com- 
Slump — |pressive|Slump; —  |pressive|Slump| — _ |pressive/Slump| -— jpressive/Slump} -—  (pressive|Slump| —_ jpressive/Slump; — _ |pressive 
Cc lstrength | C \strength Cc strength Cc \strength strength Cc strength Cc strength 

=. = a | oa — =. ins 

| Lbs. per | | Lbs. per Lbs. per i Lbs. per Lbs. per Lbs. per Lbs. per 

\ Inches sq. in. | Inches sq. in. | Inches sq. in. | Inches sq. in. | Inches sq. in. | Inches | sq. in. | Inches sg. in 

11% | 0.670 3, 560 1 {0.547 2, 740 14 | 0.606 4,915 1 0. 606 4, 560 1 0. 547 4, 500 14 | 0.613 A, 830 Pecess 0. 680 | 4, 635 
3 . 615 3, 065 6 | .586 2, 405 14 . 586 4,010 4% . 606 4, 740 # - 593 4, 560 4% }______-| 4,529) |i on Se: eee 
4% 613 3, 380 % 593 2, 920 14 . 651 4,710 3 615 5, 880 i . 640 5, 625 Re S651 | By S40iin-cce cle ee eee 

% 615 3, 975 Hu . 640 4, 635 34 . 671 4, 095 K . 646 | 6, 100 ‘eel | ae 3, 274 1% 671 4, 690 134 . 680 | 4, 635 
3 646 2, 970 de . 680 4, 880 1% . 643 5, 020 13% 7654 eas fs 598 4, 240 234 . 643 4,630, 3.230402 onan oe 
2 598 4, 200 IR \asescee 3, 840 Bee eo 4, 655 B94 da soe | 5, 087 (ee | Sees 5, 017 qe |------- Bie RAB S: ncn catieenes en ee eee 
Bete 3120," web |e eo LON pee eee 4,626 | 1%%| .580| 4,076] 21% |______- 4,982 | 11] 580 | 4,809 oe. |e ee eee 
1% . 586 4028" te sone8 |e SES see ee een ae ee is . 609 4, 618 14% . 586 A ere A enh ga eee eer re 
534 Ps): a a | oe! Ge. Sahl (CR PR hee Al ee eer | eke Se me ses ie | iat im fon IRR teed ea ene | eel) POR (Sie eet 

Av. 2.25 .607 | 3,499 1.75 . 609 3, 670 1, 27 . 631 4, 576 1. 53 616 | 5, 009 1. 48 . 593 4, 623 1.89 . 632 4, 942 1,75 . 680 | 4, 635 

} | 














1 Mixer was in very poor condition due largely to concrete being allowed to harden in drum. The material was the same as used on Federal-aid project 159-A, Table 8. 
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45-second mix as measured from the time the skip 
reached a vertical position (that is with no allowance 
for mixing time lost by reason of slow charging) and 
the longest mix specified by any State for bighway 
paving ‘work, (90 seconds) was less than 4 per cent. 
For the reasons given above data from this job is not 
included in the general averages. 

Table 8 shows the results secured from a series of 
cylinders taken on Oklahoma Federal-aid project 159A 
and broken by the State laboratory. The specified 
mixing time was one and one-half minutes. The cylin- 
ders represent ordinary job conditions as no effort was 
made to control water content or any other factor af- 
fecting the strength of the concrete except the length 
of the mixing time. A low water content was used 
and the consistency of the concrete was as well con- 
trolled as can be expected with equipment of the pres- 
ent design. There is no significant improvement in 
strength beyond the one half minute mixing period. 


HARDENED CONCRETE IN MIXER DRUM RESULTS IN SLOW MIXING 


Table 9 gives results on a project where the general 
control was poor, the slump often too high and the 
inside of the drum badly coated with hardened concrete. 
This resulted in a slow rate of mixing and the table 
shows that the concrete did not reach full average 
strength until it had been mixed a minute or more. 
This confirms what has been known for a long time— 
that to be fully effective the interior of a mixer drum 
must be kept clean. Data from this job is not included 
in the general average. 

LONG-TIME MIXING NOT REQUIRED WHERE DUST-COATED LIME- 
STONE USED 

Gravel was used as coarse aggregate on all jobs which 
have been discussed. Tables 10 and 11 give results 
secured on jobs where crushed limestone was used as 
coarse aggregate. Some limestones give off consider- 
able dust when crushed and some of this dust settles 
on the stone. On the job from which the cylinders 
shown in Table 10 were secured, the dust was unusually 
adhesive and it was thought that long-time mixing 
would yield greater strength than short-time mixing 
merely because the scrubbing action in the mixer would 
remove the dust film to a greater extent. That this 
did not result is apparent from the average strengths 
for various mixing periods. There is, as a matter of 
fact, less uniformity in the test data for the materials 
mixed three minutes than in that mixed 45 seconds. 
However, the entire series is too short to be indicative 


‘Of the 26 pairs, 9 


of much else than that long mixing did not give any 
outstanding improvement in strength or in uniformity 
of test results, even though the material was one that 
should have brought out any advantage a long mixing 
time could have. 





MAKING THE Suump TEsT 


Table 11 gives results secured on a job where the 
dust coating on the aggregate was readily observable, 
but not as bad as on the job previously described. On 
this job two cylinders were taken from each batch sam- 
pled—one at 45 Seconds and one at a longer period. 
showed a higher strength after a 45- 
second mix than after a longer mix and 3 showed 
strength so nearly the same that the difference may be 
considered negligible. For the balance, 14 pairs, the 
longer mix gave higher strength, indicating a slight 
tendency to remove some of the dust layer during the 
process of mixing. The one-minute mix in this case is 
about 10 per cent stronger than the 45-second mix, 
but the one-and-one-fourth-minute mix is only about 5 
per cent stronger, so these differences may in both cases 
be due more to fortuitous breaks on the longer-time 
cylinders than to a consistent benefit from the longer 
mixing period. 

There is also another factor which may have affected 
this series. Most mixers segregate the materials a 
little at the ends of the batch. For some reason the 
first of a batch is apt to be oversanded while the last 
cubic foot or so of a batch in extreme cases contains 
little but coated stone. In general this condition is 


TaBLE 10.—Data on cylinders taken on Federal-aid project 130 in Logan County, Okla. 


{Mix 1:2:314: crushed limestone coarse aggregate; Smith mixer in good condition] 







































































} | 
30-second mix 45-second mix 60-second mix | 75-second mix | 90-second mix 120-second mix 180-second mix 
i = | i ee es ire a 
| | 
Com- | Com- Com ; Com- \ Com - | Com- 5 Com- 
Ww TeS- Ww res- | W | pres- | W | pres W | pres- | pW a) ree: ae Ww pres- 
Slump Cc A Slump c me Slump G | sive SHAD C | Aue Pp G eee Slump C | sive Slump Cc sas 
strength, strength iseeel [strength | strength strength strength 
| | | | os - ere | —- — ———— sm 
Lbs. per Lhs. per Lbs. per Lbs. per' | Lbs. per, Lbs. per | Lbs. per 
Inches sq. in. | Inches sq. in. | Inches | sq. in. | Inches | sq. in. | Inches | 8q. in. Inches | sq. in. | Inches | sq. in. 
ly 0. 60 4,310 | Vy 0. 60 4, 525 34 0.60 \ 4, 980 341 0.60) 5, 320 | 34 | 0.60 | 4,605; 1 - 0) 60 4,715 1 0.60 | 4, 425 
34 64 F. 850 34 16% 4.650 I 67 | Sas20 1 .th 35 060 | 1 | abe 4, $45 | ¥% | een 5, 855 34 67 | 4,455 
ie il 4, 270 544 Ral 4, 810 1 atl | Ammo) 4 Bi 4,800 . 34 BUA | 4,315 | 134 | . 70 4, 600 1% 70 5, 225 
34 . 69 4. 460 | 34 - 69 4,320 34 60 5, 120 1 (69)| 47010") 1) eda! we, Oils 1 . 69 | 13, 590 1% 69 13, 665 
% as 4. 750 | % . 78 4, 855 1% .80 ; 4,340 1% .78 | + 2,340 %Bl . 18 . oe 500 % | -78 | 4,885 % 18 4, 065 
% 71 Se ii) 34 zal. 5, 630 1 amle! “45935 1 eral 4, 855 % |. rp ae: SY As) Te | eee cafes 4) 1 71 |+2, 600 
AV 0.57 . 693 4 642 0. 65 . 693 4, 802 0. 98 .697 | 4,790 | 1. 02 700 | 4,746 0. 98 .693 | 4,476 1. 00 | 692 5, 054 0. 96 . 692 | 4, 542 








1 Omitted from average because of coated aggregate. 
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TapLe 11.—Data on cylinders taken on Federal-aid project 229C TasiEr 12.—Data on cylinders taken on Federal-aid project 448B 


in Boone County, Mo. 
[Mix 1:2:314; crushed limestone coarse aggregate; Koehring mixer in good condition] 


(In pounds per square inch) 

















1 ' { 
30 a | 45-sec- | 60-sec- 75-sec- | 90-sec- | 120-sec- ; 180-sec- 
ae iond mix, ond mix,:ond mix,'ond mix,jond mix,|ond mix, 
2 ls) Gaga com- | com- com- com- com- com- | 
omg ‘pressive | pressive | pressive | pressive | pressive | pressive 
eee istrength strength strength strength |strength |strength 
| 
3, 008 4,110 2, 880 4, 305 
3, 505 4, 100 | 3, 846 4, 780 
2,500 | 4,909 | 21958 | 3,821 
3, 540 3, 850 4, 020 3, 950 
g 4, 818 3, 800 
2,760 | 3,510 
| 4,419 8, 718 
| 4'103 | 2,870 
| 3,184 3, 350 
4, 300 8, 598 
4, 730 3, 600 
: 8,300 gaono 
3, 758 4,335 
3, 610 ATED hice 3 Sees | Deen es | Oe 
OP! || eer hte crc tec re | ere 
GROOD) \eitee eo | SS ee eee = | ee 
AEE AES oe re pak] 2 ee | eee ene | ue ee | 
Ps? a RE =| 28 gs gee 
GWOASS oc ceoae cso nes ae ee | oe eee 
3, 817 3, 857 4, 283 3, 670 3, 243 
































more conspicuous where wet concrete is being mixed 
than with concrete of proper consistency. On this 
job the inspector was so strongly opposed to the use of 
the short-time mix that the least possible amount of 
material in excess of actual needs for samples was dis- 
charged from the mixer for the 30-second and 45-second 
specimens. As a result, the 45-second cylinders are 
possibly not quite as representative as where samples 
were taken from the center of a batch as discharged 
from the bucket or from a larger sample run out onto 
the subgrade. 


TESTS ON OTHER JOBS CONFIRM RELATION BETWEEN MIXING 
TIME AND STRENGTH 

Table 12 gives results obtained on a series of cylinders 
taken by the bureau’s representatives on another pro- 
ject. In this case the 45-second concrete appears to be 
a little better than that mixed a longer time but it is 
not believed that the apparent difference of about 200 
pounds in the average strength is due to anything more 
than a fortuitous series of breaks. The high strength 
of the 30-second concrete should be noted. 

Table 13 gives the results of tests on cylinders, beams, 
and cores made by the regular inspector on another 
section of this same project where the regular one- 
minute mix was used. The beams were broken in the 
field and no doubt vary somewhat more than would 
be expected had they been handled in a well equipped 
laboratory. The method used was that devised by the 
Illinois State highway laboratory.* The longer series 
of cylinders is in substantial agreement with the results 
obtained by the bureau’s engineers as was the case in 
the Kaufman Co. work reported in Tables 2 and 4. 

Table 14 gives the results of another series of tests. 
In this case the 60-second cylinders gave little higher 
strength than the 45-second cylinders and this is to be 
viewed in the same way that the reverse condition was 
viewed on the preceding project. In Table 14 the 





§ CLEMMER, H. F. COMPARISON OF THE TRANSVERSE AND COMPRESSIVE TESTS 
OF CONCRETE. Public Roads, vol. 7, No. 3, May, 1926. 


in Clay County, Tex. 
[Mix 1:2:314; gravel coarse aggregate; Koehring mixer in good condition] 


(In pounds per square inch) 














45-sec- 60-sec- | 90-Sec- | 120-sec- 
30-second | ong mix, jond mix, ond mix, ond mix, 

ALS AO com- com- | com- | com- 
eel pressive | pressive | pressive | pressive 
SUSE: strength | strength strength, strength 

5, 520 13,550 5, 720 4, 900 4, 160 

| 4, 660 4,350 4, 200 3, 410 4, 700 

5, 000 5, 440 5, 620 5, 220 4, 320 

5, 120 5, 070 5, 130 4, 360 3, 850 

5, 160 3, 910 4, 900 4, 900 4, 480 
ee eee od i, 5, 480 CGH) 9 eerie 
ae See ee 5, 310 SOOM a= =. Pee ee ee eee 
bias Se ee ee 5, 060 4, 760 Se eo 
Le A a el 5, 240 OHO LU) Wee 2 eee a eee 
as 4, 740 45790) WB. ssa eee ee 
ee ee 5, 080 45620" We 52 e oleae eee 
2 cee ee 5, 120 4350) ee... See ees eae 
Lo ee 4,080 4 2a0M Neen. ooo teeeee eae 

Av. 5,092 4, 948 4,651 4, 558 4, 302 























1 Omitted from average because of flat rock in center of cylinder. 


TaBie 13.—Data on cylinders, beams and cores taken on Federal- 
aid project 448B in Clay County, Tex., by State inspector. All 
concrete mixed 1 minute 


[Cores tested at ages of 50 to 70 days and averaging approximately 60 days] 























Cylinders and beams Cores 
Com- | Modu- 
pressive | lus of Com- 
Station | strength |rupture|; Station | pressive 
of of strength 
cylinders} beams 
Lbs. per | Lbs. per Lbs. per 
sq. in. sq. in sq. in 
162+50 45380 iuligte ee 165+-00 6, 200 
174++-00 4, 253 571 | Soe = |S eee o 
180++59 4, 440 709 184+80 6, 060 
191+-00 5, 410 722 186-+-00 5, 400 
ae oe | 193-00 4,910 
201-++-00 6, 050 590 204-++29 5, 970 
(oe. |e [epee oeeee 207+73 5, 970 
212-400 4, 093 745 | 208480 | 5,730 
Cee. . sameel| Sn oem 208-+-95 4, 720 
224-++00 5) 227m ena! 5 cone ee 
234++-00 4, 720 674 235-+15 6, 060 
2404-00 5, 070 Li oe ee es eee OS 
249-++50 4, 657 T64N | eens | ee 
259+-00 4, 437 691 261-00 5, 440 
268-++-50 4, 723 SG50) | <222 255452 |seeceeeee 
276+00 5, 630 Se ees as el mma 
285+00 4, 327 642 | 287-+00 5, 900 
295+-50 1 2,997 4D) ||\eose eee. | eee =e 
3044-50 4, 593 Ga) “ieee. 8s 
312+00 13,493 606 313+00 |! 5,340 
320-++-00 4, 500 Oo; \WEseeseos \eoekedees 
322-++00 4, 637 SEO) peo. + S22 See ay 
332-25 4, 517 Goa Wee... ae 
342+-00 4, 653 748 340+00 6, 200 
352-++00 4, 200 180: \|os522. 5 Seeeeeiee. coe l 
356-+25 4,573 G80) i|R-=. See [ieee ee 
362+00 5, 003 573 | 366+00 | 5,850 
376-++00 3, 207 C1 a |---3eeees 
Average.| 4,665 GSOME 2eeeee eres 5, 696 














1 Poor breaks, not included in the average. 


figures on the same horizontal line represent cylinders 
from the same batch. No reason can be given with 
certainty as to why there should be so much variation 
in strength. 

Tables 15 and 16 give the results of still another 
series of tests on mixing time made in Grant County, 
Okla. Results of tests on cylinders secured on this 
job might create the impression that long-time mixing 
has improved the strength of the concrete, though the 
45-second concrete is of good quality, were it not for 
the beam tests which entirely negative the apparent 
deficiency of some of the 45-second concrete as indi- 
cated by the cylinders. 
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TABLE 14.—Compressive strength of cylinders taken on a job in 














Hillsdale County, Mich. 


{Mix 1:2:3.4; gravel coarse aggregate; Koehring mixer in fair condition] 





Crushing strength 




















ae - 0- 90 | eee 
- 6 75- - 120- 180- minute! C 
somes | second | second | second.’ second | second | second |. mix 
mix mix mix mix mix | mix | 
Lbs. per Lbs. per Lbs. per 
Ds. per sq.in. sq. in. Sq. in. | Sq. in. | Inches 
Rippers nc tt 3, 756 ee ee 4 |0. 58 
3750) | 3. 380 5,160 | 4, 450 134 | .68 
3,975 * 65,380 5, 150 3, 465 | 134 | . 64 
4, 320 4.400| 4,905)|..-....--| 4,080 |.._..__- | 4, 890 14 | .67 
4, 087 4,755 3,134 | 4, 402 Vy | 61 
4, 91C 5, 800 4,175 | 2,900 14 | .53 
aoecsn, ees ee 4yolo 52.22 114 70 
3, 980 3, 990 4, 040 1% | . 56 
3,634 : 4, 295 8, 115 ve | 48 | 
38, 315 | 4, 455 3, 610 My | .43 | 
2,970 | 3,930 3, 990 yy 44 | 
4, 400 5, 260 5, 780 14 | .52 
3,790 | 3, 050 4, 950 y| .44 
2070 . 3, O00 3, 550 6 | .55 
8, 345 3, 550 2, 780 1% | .58 
3, 750 4, 160 30 er 2 | .58 
3, 370 3, 140 Bh ey | Ie | ov 
ee | 2) 980 3,600 |..-.-.-.|  % | 155 
3,040 , 3,390 21 Silt) Eee aaaee y | - 54 
Av. 3, 707 4,073 4,111 4, 222 85 |. 558 
































SPECIMENS REMOVED FROM MOLDS AND PLACED FoR CURING 
UNDER THE SAME CONDITIONS AS THE PAVEMENT, OKLA- 
HOMA FEDERAL-AID PRosecT 148E 


Table 17 gives results of tests of a long series of 
cylinders taken in Clay County, Tex. Some very high 
strength concrete was secured from 30-second mixes 
and, in general, additional mixing showed no advantage. 
The 30- Eacond concrete is somewhat lacking in uni- 
formity of test results but other mixes are satisfactory 
in this respect, as well as in strength. No special 
significance is attached to the fact that 45-second 
concrete is stronger than that produced by longer 
mixing. The difference between 45-second concrete 
and 90-second concrete is only about 6 per cent—not a 
significant amount unless generally observed through- 





A Day’s Run or BEAMS AND CYLINDERS, ANDERSON 
County, TENN. out a long series of tests. 


TaBLE 15.—Strength of cylinders and beams cured by various methods on Federal-aid project 148E, Grant County, Okla. 


{Mix 1:2:314; limestone coarse aggregate; Rex mixer in good condition] 





Tests of cylinders | Tests of beams 





















































— - lia | samen ta 7 
i aa B | 5a \ 
30-second mix | 45-second mix | 60-second mix | 90-second mix | 180-second mix 30 pegend | a aepend eae named | ei ‘a 
Curing -—- | - : | as = | — —. 
| H : | 
| | Mod- Mod-! Mod- Mod- ‘Mod 
Cyl-| Com- | Cyl-| Com- | Cyl-; Com- | Cyl-| Com- | Cyl-| Com- | ' ulus | ulus ulus ulus ' ulus 
in- | pressive| in- | pressive} in- | pressive| in- | pressive in- | pressive|Beams; of |Beams| of |Beams| of |Beams| of |Beams of 
; ders ;strength| ders |strength| ders strength! ders |strength| ders | strength | rup- | rup- | rup- rup- | Tup- 
| | | i ture | ture | ture ture ture 
| 2 _ |e | | s = = es 
{ ae \ | 
Lbs. Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. Lbs. | Lbs. 
Num-| per Num-| per Num-| per |Num-' per Num-| per | Num-! per | Num-| per | Num-| per | Num-| per | Num- per 
Calcium chloride ad- | ber | sq.in. | ber | sq.in. | ber | sg.in. | ber | sg.in. | ber | sg. in. ber \sg.in. ber |sg.in.; ber \sq.in., ber |sg.in.| ber  sg.in. 
MOMMEC 5.2... 5 3, 678 10 4, 264 10 4,720 10 4, 768 5} 5,123 2) 404 5 553 | 5 556 4 575 2 541 
Nostreatment_.......|......]..---.--- 10 4,659 | 10 5, 251 10 4,988 »._-_- oer ae be 5 | 605 | 2) 558 5) | MROOS: |= == a 
Surface treated with | | | | 
ealeimmrchloride___|___.__| exe. -__- 10 3,829 | 10} 3,580 10 ons) | eee | eee eee eres ae ees 5 552 2] 528 | eos! | aoe eee 
Moist earth...._..._- a es 6 | 14,450 | 6 | 14,403 Gull S003 ieee beeemease feeee sa oaees 5 | 640 | 2! 601 5 | 665 |------- ------ 
Average.-....-|.----- | 3,678 |... 230%... | 474908) 222. by ARGH es 5 | 6,128 |e. aoe | a ne | | S61 Iam -- C80" een am 541 
J i ‘ 1 j aeaes = i 























1 ious = a group at euliflaers made on another Pact of {the _— showed low strengths from some unknown cause and are not reported. 
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TaBLe 16.—Strength of cylinders and beams cured by various methods on Federal-aid project 148E in Grant County, Okla. 


[Mix 1: 2: 314; limestone coarse aggregate; Rex mixer in good condition} 


CURED BY COVERING WITH WET EARTH 

























































































































































































































































































30-second mix 45-second mix 60-second mix 90-second mix 180-second mix 
| | 
Com- | Modu- Com- | Modu- Com- | Modu- Com- | Modu- Com- | Modu- 
Ww pressive | lus of Ww pressive | lus of Ww pressive | lus of Ww pressive | lus of Ww pressive | lus of 
Slump ~ |strength; rup- |Slump| = j|strength| rup- |Slump| = |strength|} rup- |Slump} - |strength| rup- |Slump; — Jstrength; rup- 
C | ofcyl- | ture of C | of cyl- | ture of C | ofcyl- | ture of C | ofcyl- | ture of C | ofeyl- | ture of 
inders | beams inders | beams inders | beams inders | beams inders | beams 
Lbs. per | Lbs. per Lbs. per Lbs. per ibs. per | Lbs. per Lbs. per | Lbs. per Libs. per | Lbs. per 
Inches sq. in. | sq.in. | Inches sq. in. | sg. in. | Inches a ED sq. in. | Inches sq. in. | sq.in. | Inches | sg.in, | sq. in, 
90 : 
4, 180 ‘J 4,890 | 4,350 || 807 |_..-.sc(eee ee 
ee ee 0.44 0.60 { } 662 | 0.75 0.00 | 4’ 800 — 1.25 0.60 { } -o2=-) | etl 
4, 910 , 4,725 
5,030 , 
if 3,670 | 
4, 960 if 3 5,870 1) 763 |o22..-.-|..-2-lee 
2 nel Pe aes UR 75| .60{ 4460 |f 681 | 1.25) 60 ! 4,360 = 76). .00 een 
; 3, 600 5, 410 i 
Sey ae (NE Ne eet oe eer .75 | .60 { He \ 615| 1.20| .61 | ee } Pe peal { 4, 950 } O72 a senotes| “noe Slo a al 
hee il Seagull eat (co. c) | ae 
: | 2, 590 
sett ese Mee Mes ||» laa 1.00} .61 |{ ee \ 640 aa are cic ae ao otf SRP 9600 |... | caer eee 
‘ ; | 3, 180 
Eo Rs RR i PP (a A 2.25| .61 { { 2480 \ (| ae Se anna ORE] PEC | or { a a0 \ @06 |. _..-..c|-.-2_-| 
Acorape bacco one teehee oes 1.04 | .604 3, 820 640 | 1.08 604 3,892; 601] 1.15{| .604/ 4,311 665 |. =2--c-lecs=ac\cceeee 
CURED IN OPEN AIR WITHOUT COVER! 
5, 230 
4, 872 , 5, 220 
Spe RRA te Meee eee Meno 1.20'0.55 { * 509 | 1.31 | 0.58 |4 5,080 j$....-..| 0.75 | 0.55 , 604 [2.0 <-ccfeedell. es 
{ah ae ($2) 
| 56 
f 5,585 » 5, 325 
Peers) eee). .: selene 1.00) .55 { Pans } m2] 1.00] .55 6, 040 a 1.31] .55 { Us } 743 |. -2 39s. .|_ 
5, 685 4,945 |) 4,945 
Pe eee .'|_ ee | 88 | .55 { 2,310 } 604) 1.00.83 { fon | B48 | 2.25/ .55 { ii No b85 |...2. alee ..|.. ee 
b | : , 250 
ng | Pe Ree 1.50) . 53 { 540 \ sto] 58] .53 { fen} ser] .44 | .58 540 063") .conceileee. |S 2s aa 
ee eed a eee mere 1.58| .53!{ Shr |} 509 cosscose[acennefonsennenalanensane 1.75] .68 1 935 |} 618 cee 
LOC Cee oe Cee. |) ae 1.23| .54| 4,659}; 605| .95 54 | 5,251 | 568] 130) 184) 4,988) “603 |20_. 
CALCIUM CHLORIDE ADMIXED—2 POUNDS PER BAG OF CEMENT 
2, 706 | 4, 496 542 4,780 2.75 | 0.59 | 4,855 
4.50/ 0.59) 2,600; 449) 1ez/ oso P78 i} sv) osslosol o636| | zoojosoy #280 )) sas] ar | °.8 | a 430 
3,778 5,100 | if 4,215 |-------- . . 5, 16 
5.75| .50| 2,382| 359) 2.00 59 |{ al aie 1.50 59 |{ Po lt 567 | 1.87 59 { Pop l “75.55 | 5,745 602 
4, 245 5, 215 | 4,720 : ; 
1.37| .59| 4,460 |......-- 1.88} .59 { 455 ae 1.25| .59 { 4200 | ae £88 | .59 { i700 | as| | | 
3.06 | .55| 4,650 |... | 1.25) 55 eau sa 2.50 | .55 { 40 } saz] 1.50] . 55 { fee} 62) | 
: 4, 420 4, 855 
325/085) 4; 2000 emer -751 .85 f'f5n| bya | 220 | .85 { Cael 539 | 1.50 55 |{ ence |. 
Average. ..----|------ 3,678| 404| 1.50| .57| 4,264| 5583/ 1.34] 57 | 4,720' 556| 1.49| .57| 4,768| 575| 1.12] .57| 5,123 541 
| 
CALCIUM CHLORIDE COVERING—2 POUNDS PER SQUARE YARD 
| 
| i 1{ 3,640 
ee RE RI a 0.70 , 0.52 { Be } 449! 0.44 | 0.52 | 4,255 7.......} 0.70 | 0.62 { an } ATT |encecesleee =| ee 
4, 160 
4, 350 , 3, 900 
AR se een ey --| +8182 { 4° 400 \ 602| 1.00! .52 3, 730 See te) { 3 680 } 66:2. .cs2cdleeves- lee 
ae 2, 660 4,080 
ne am NE a7} .62 { i 2a0 } 06) .93) 61 |{ 2 so \ a6} 200) 501 GO|) doo 
: | ’ 460 3, 330 
memes ee |... 1.25 | .61 3 10 if baa] 1.75] .6LH Beep |} 500) 125) cn Ben) page | 
530 4,195 
3 ee eel messes] 112) 61 { tee 25) een | ee e+ ay) { re \ 450 | 2a) eo ee 
oC a ee ere. | Caeee .85| .56| 3,820/ 552} .97| .56/ 3,580) 528] 1.43] .56| 3,835| 9514 |___..._. eee canes 


















































! Several heavy rains during curing period. 
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Throughout this series the 45-second concrete is 
sometimes the strongest, sometimes the 60-second 
concrete, and sometimes the 90-second concrete, but 
the differences are always small and this can only 
be interpreted as indicating that mixing time within 
the limits given is a. neglible factor in strength. In 
other words, differences in averages are less than the 
reported differences between cylinders in the same 
group. When these facts are examined in the light of 
the well-recognized margin of error in testing methods 
and in testing machines, the conclusion that small 
differences such as those developed on this project, are 
without significance unless often repeated and clearly 
apparent in the general average, is inevitable. 

Tables 18 and 19 cover two series of cylinders, neither 
BreEAKING BEAMS ON THE Jop IN ANDERSON County, Tenn. Of which requires special comment. 





TABLE 17.—Data on cylinders secured on Federal-aid project 449A in Clay County, Tex. 


[Mix 1:2:314; stone and gravel coarse aggregate; Koehring mixer in good condition] 













































































30-second mix 45-second mix 60-second mix 90-second mix 120-second mix 
! 

Com- WwW Com- | w Com- Ww Com- WwW Com- 

Slump = pressive | Slump — pressive |Slump| — _ | pressive | Slump = pressive | Slump — pressive 

C | strength C | strength | C <.\ strength C : strength C _, strength 

a 4 i ae ————— 2 pee =a ee 

Lbs. per Lbs. per | Lbs. per Lbs. per | Lbs. per 

Inches sq. in. | Inches sq. in. | Inches | sq. in. | Inches sq. in. | Inches sq. in. 
4.50 | 0.639 4, 160 0.50 | 0.575 {| 5,020 4.75 | 0.645 5,310 4.00 | 0.639 | 4,540 1.25 | 0.620 5, 080 

4. 50 . 661 4, 340 4.00 610 5, 180 4.75 . 645 3, 580 3. 00 . 647 4,570 3. 50 . 668 4, 240 

4, 50 - 647 4, 760 il 7s; . 624 5, 290 4.75 . 645 5, 340 2.00 617 , 4,600 | 2.00 . 620 4, 790 

2. 50 . 554 4, 460 3. 50 . 618 5, 000 2. 50 ath, 6, 020 3. 00 Ode: 4, 970 2. 50 . 540 5, 820 

4. 00 . 612 3, 900 3. 00 . 618 4, 960 2. 50 = (iW) 5, 900 25 . 532 6, 950 2. 50 . 627 5, 600 

3. 50 . 637 4, 200 6, 50 . 738 5, 650 2. 50 .712 | 5,670 6. 00 650 | 4,070 1.00 530 5, 920 

«15 §37 4, 390 ao . 647 6, 400 6.00 .666 4, 580 3. 25 554 4, 780 3. 00 537 4, 830 

. 50 582 5, 290 2. 50 685 5, 620 1. 50 . 639 5, 030 3. 25 607 5, 230 2. 50 583 4, 820 

275 572 4, 240 2. 50 692 5, 770 1. 50 . 639 4, 780 2. 06 594 4, 450 2. 25 594 4,470 

4. 50 . 570 4, 720 1.00 698 4, 870 1. 50 . 639 5, 170 2, 25 583 5, 850 3. 00 583 4, 210 

Ne gay |) heals 6, 150 4.00 639 5, 440 2.00 . 610 ga) 8), ll | S| ok a2 ee aa (a a eR / | 

3. 00 415 6, 320 3. 00 647 4, 640 2.25 | .647 a Oem | meee ete ies eres | eee aA eee 
5. 50 . 434 5, 390 1. 50 608 6, 380 2.25 3047, <\; WeASADO) | Beene Bee eee es Pee 2 eeeeecmne Pees 22 | ees ee 8 
-75 = |1.356 5, 480 2. 00 551 5, 370 2. 25 OA Tig MOGUL || Seeecen ane eien he emmeCeanwes OOO. lL eee ee 
ato |, 316 5, 870 2.00 599 6, 330 2. 50 | OZOI || MOnQOO) ||eese shoe eee [ROGUE Men ENGR F ono. | RS 
. 50 486 7, 770 5. 75 668 4, 400 2. 50 MG20 || eONOSO [Leese ses leen eeee lA cetera eer ae 
1. 25 470 7, 250 5. 00 556 4, 750 2. 50 . 620 ARHGO! Gees = S550 eee Nee sees | eer [Sack eee See ae 
1. 50 470 6, 700 2. 50 583 5, 430 2. 530 . 620 SAZOS |e Se ee oe Seat ee SS Salle iP stayed” 

1.00 470 7,470 2. 50 580 4, 780 4.00 | .572 0 i ee Gees ee ae ey Ree ame leeeerenee = Peeedanslee ieee: 
2.75 542 6, 420 4. 50 570 4,910 2. 00 . 540 ANO40))| | Seeerten |e eee | nema neeMe ste) o oso oscee cake 
we. eeeeeaas |. ae aeaes |S cine sees leaceee ccs sosesecloceacesces 2.00 | .540 aU Ly | Se ee | eee eee wae 2 ee eee ee 
SEES 5 a SS 2 See eS oS ee 2500 | Were | aR aOh owen ee cere ee | eerie. 
see oe pee eee nets eer Pe 8 AS008 |MRDROR | 15NGG0:  |Snalt oe ee  e se 
Be eee ee eee | ioe oes Vee eee see es Saas | woe a Soe 1. 50 . 540 GRO). || eames lee. oo BAe tak cee et Een eS Ae 
SS SEC AES 54 ore ae eae ees Oe en a ae 1. 50 . 540 (a), G0) Re | Sen eran oh ae NOR ree ee deer Singh ey age yal 
Seen GS | aah else |e | 1.50 | .540 Gs, 7/1 ee ee ge eee ae Oot Pees eae ee 
Bee ae eee meee aol ees | nee eee peeccocs meen HN |) Sail) ONO 2 || emacs emeeeenl Meee a. SA Pe leas | ease eee 
EBC oe nt) sae RR RRA ae 5") Se 4.00 | .556 DS CMM SR G5 || a | ep Ve ened 
1 SRE cc.) ee ee DR GED SS = 4.00 | .556 DEN cosets eine, << ele <a (eee MRS 7 
Boers cee eros tars conc lense S| Ee tee 1 ee a Meee 510, 0) . 556 TaD fc | ene er eee er ras See eee || or 
USNS [NI 2 eee |e eee | ee 1.25 | .551 ACSUG (| ROR) ees Ie |e 
See eee eee coos Dok oul oeceses|-eo eee cnc ce 3. 00 - 610 SEARO). | nemeneiee ne oe me Es. oaet eee. [ke 
FES BACs | OCIS SOR ee (ae! (ees As [opaaneRE rc 2. 50 . 594 2 4 VR bed ged NS ee A eee 1 | Oe |e 8 aie | eae co 
Se eee eee | eee ee eee cea po sa oes| pene oa ne See 2,25 cy COAT tsb (aU Ud [a ae Ng De ce | | ey col beg ne nee ee 
Bees cee ee en | eee Nn cscs alaeeueas| aasccces|=caccecuec 1.00 . 482 Cop CYC Ab gered Veep es NC Ne er ies, | SPmmempeeiy ea eyed enya, 
oCep EAS beet see be sodes 4 See eee eee ae 1.00 - 482 GEOL E | eee= = a eee eee Se. < ae Eanes | ee Oe 
Bee oe ee Men lo aieon|aubecescleeee eee oocene cues IRGORE Seraoome||. Gaociea Seat: ccsioo mere) sree 2 Semen SS ie Ee ee | eee we 
ete are eee | Reet eee |e iets era [tee el eee ae rac cce Saas sO | lee oOme || ONO E Nes = sos eee oct oe ae osed an eee soe aos ees 
= bhoscemeeee |S o..., a] Clean (Gees ee Ei) | SS TMM, 27 Oo ae a ll Be ee rae ee oe Baill Ee eee oe Slee 
eens 2 sel oe ee eee eer | areas | ermal ss a -50 | 1.276 RESO el | 2 eee ar ae eh Ae a eee es SNE 2 (ee 
eer SSS ce | eee Ue 2. 00 . 570 ANTS EAU Pe | enc os |e re ee en | ee er ee | ee 
Bee eos nae |e eee |e ak cook cs necoccce|wencoees|acce ances 2. 00 . 570 USA), || eemeerets = | ahaa aera |e ete te | ee eee | ee = lS re ee 
eee are eae | eee ne ee Nee eee alla oeeas| scacsacees 2.00 MO LORM ME ARGO! meso. | 22s P Se ae] Se ele ee 
REE Gees ees see ee ee er Eee) eer 2. 00 . 594 gL G12 | cag an ge ey Ny Eo ete. ae eee 
ee ee eric cleneenc ee ee S500) | ens AMOS ieee Ree Se Te Dee |: a 
cone Beene Ecc sees ose ene a ES ei eee eA HP i el a ei ee oeans ERR. ae 
|e, ac ata (ee Ee pune (cfc «ae | NN EOE FOE moO! SKOOO) (ees 21 a: ee ee ee 
wali esBiomancll ea eee Eiken USOMUIMECSGOME aA NelG0) |eeeecmen |e! Se Reema er I 
ae | es ae |e Se NS oa is ot el Se oc a 'sie 2 OO me MOOI |b ANSE c fe | wren = =.) ke ee en re ea 
ei een ee | ee. eee Peay || ek WA On eae cee || Sel eee. ee 
oo ea): a ee, RIS, Be: 26 | ee ee eS 
Jayne Bee Beste oa | SESS |e ed ee 2 [ | 2.50 = 2549 | 4, 920 Sel ieee eect ase esis eects 
| 
Av, 2.44 546 5, 464 2.94 | .625 5, 310 2.43 592 5, 168 | 2. 90 | 599 | 5,001 , 2.35 .580 : 4,978 
{ | | 











Probably an incorrect result. 
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DATA FROM A NUMBER OF JOBS SUPPORT CONCLUSION AS TO MIX- 
ING TIME 

Table 20 gives the records on a series of batches of 

concrete all of which were carefully located in the 

pavement and from which cores were subsequently 

taken. The average strength of the 45-second cores is 


TABLE 18.—Data on cylinders secured on State-aid project 507 in 
Berkeley County, S. C. 


[Mix 1: 2: 314; stone coarse aggregate; Koehring mixer in good condition] 



























































60-second mix 75-second mix 90-second mix 120-second mix 
ea 4 
Ww Com- Ww Com- | w Com- Ww Com- 
6 | pressive ror pressive ro pressive | GC | pressive 
strength strength strength {Strength 
—s ee a J 
Lbs. per Lbs. per | Lbs. per Lbs. per 
sq. in. Sonn | sq. in. sq. in. 
0. 624 3,180 | 0.608 3,220 | 0.608 3,150 | 0.631 2, 800 
. 660 2, 750 . 608 3, 160 . 608 3, 020 . 631 2, 540 
. 660 2, 860 . 608 3, 140 . 608 2, 590 . 631 2,470 
. 660 3,070 . 591 2, 860 631 2,300 | .649 2, 610 
. 586 2, 900 591 2, 830 . 631 2,940 | .649 2, 620 
. 586 2, 960 . 91 2, 860 . 631 2.670 | .649 2,480 | 
.586 | 2,360 | .607 | 2,870 | .602 | 2,900 | .642 | 2,980 
. 608 2, 830 . 607 3, 020 . 602 3, 230 .642 | 3,010 
. 608 2, 790 . 607 3, 060 . 602 3, 350 . 642 3, 120 
. 608 2, 740 . 602 2, 690 613 3, 540 . 624 2, 100 
. 597 3,050 . 602 2,710 613 2, 060 . 624 2, 520 
. 597 3, 200 . 602 3,150 | .613 2570 | .624 3, 290 
597 2, 680 613 3, 180 . 620 2, 870 .€31 2, 720 
551 2, 850 . 613 3, 080 . 620 3, 290 . 631 2, 830 
551 2, 800 . 613 2, 780 . 620 2, 850 . 631 3, 460 
551 3, 210 . 620 3, 030 . 631 3, 280 .633 | 2,980 
624 2, 460 . 620 3, 240 . 631 3, 120 . 633 3, 180 
. 624 2, 840 . 620 2,770 . 631 3, 390 . 633 2, 350 
. 624 2, 530 613 3, 180 . 642 3, 420 . 645 2, 220 
. 626 3, 460 613 3, 400 . 642 2, 950 . 645 2, 290 
| . 626 2, 700 . 613 3, 200 . 642 2, 970 . 645 2, 400 
. 626 3, 580 . 642 3,980 | .633 3, 250 . 645 2, 190 
. 608 3, 970 . 642 3, 610 633 3, 950 .645 |11,490 
| .608 | 3,660 | .642 | 3,700 633 | 2,990 645 | 2,870 
. 608 3, 390 .631 | 11,420 655 SU100) ||. Seas) os eee 
. 608 3, 560 .631 |11,520 655 DN930 25.20 5 | | 
| . 608 3, 270 .631 | 11,570 . 655 2,100. ies... a0 eee 
. 608 3,000 | .615 (DN | Pie a es ek Boos |e 
. 631 2, 970 615 eG | ene Seas aes eer | Caan ee 
| . 631 2, 940 . 615 DeS20> (MA alee ee ane sae eco 
. 631 3, 920 . 638 ES SEU fea Meee Loe. 2 | ne 
. 631 2, 880 . 638 ROTO! | eens [sayeth cae a | sees ee 
. 631 1, 930 . 638 S080) || eee ae | pete Ji veoe |e 
. 631 2, 870 . 666 2 GSO | Maeme Olle caer ss Sule ace e2| 
HGat M) 2) ct0n | 6G || 31000 .]eerenenalsecneees [Ea al 
651 4,160 | .651 Bae gee a) boae | ae 
| . 651 4, 290 . 651 3,400 We 2) 20) eaeecenee, Es | 
651 3, 600 651 BES 70 Ae sews serosa res 25. 6 e 
651 2, 720 651 6h Om || ae ea (eee w FR 
S6al || Gods | 6a. ||\awes0, |ielrs eel ee eee eee 
651 2,460 | .651 BRODO: Nooo. ell pean oes | Sea ee 
651 2,450 | .651 ASTEO. |_2_ 228 Al cia ore SS | ee ee | ae 
. 638 185008 || S666 |) SSRNGOr cess Seite eee So 2 eee | ee 
. 638 2, 340 . 666 SeT00) |S Jose 2222 | eee aes 2 
. 638 2, 800 B66 || esas) |e ee =o.) eee eee | 
“6l5 || 25780’ | "Gat | soo aman eiree a Jao. ce ees 
.615 | 2,680 . 631 NSS) | | ees een eee See bk, | re 
.615 2, 950 . 626 DAO) PE oee se See eset es | ne 
.642 | 2,850 . 626 ay, ta) | Ee ll. 2 6 5 ce mee ee | ae 
. 642 3, 160 . 626 DROS, te lla: 2 = in| ene 
.642 | 2,640 . 633 ORIRO) | Loe sea |-oe eee | eee an 
. 642 2, 580 . 633 2, 1050) ee 2 [ee ae | eee ae 
619 2, 230 . 633 e360) |lo ee Vicseies ce eee Earner ip eee 
.619 | 2,150 . 638 DE) || See eee eee emer oe | om ee ea | Pee 
.619 | 2,330 . 638 2.1660: | eee el laa eee | eee ee 
.619 | 1,955 . 638 S000! | Meee he ee ee eS ae ca 
619 2, 560 . 638 2: (Git) |Meat | ees | ee | ee 
619 2, 760 . 654 2 600, || RE 2 | ees | Rees | eee 
619 3, 280 . 654 8, O20 > | ieee eels Scere ak Gee eee =| hae eee 
619 2, 900 . 564 2, SO, || Seana eae: See ae eee ee 
639 3,860 | . 654 5200) | Saaaaee Bes SiR ee (eee 
639 | 4,600 | .619 i 
.639 |; 3,900 . 619 
639 | 4,400 619 
653 3, 910 . 619 
653 4, 120 . 672 
653 4, 320 . 672 
. 653 3, 280 . 672 
. 657 2, 870 . 672 
657 2, 700 . 660 
657 3, 050 . 660 
657 2, 950 . 660 
633 4,010 . 660 
. 633 4, 960 . 634 
. 633 4,500 | .634 
633 3, 940 . 634 
E 2 |--Soeee| J 
= Cee ae 651 
ot a ee. ee . 651 
| Av. .627 | 3,084 | .634 | 3,017 | .626 | 3,017 | .638 | 2,697 
| | 





1 Apparently incorrect and omitted from average 


1 per cent below the mean for the series of cores. The 
60-second cylinders are 1 per cent above the mean for 
the cylinders and the 90-second cylinders at the mean. 
Variations between maximum and minimum strength, 





BREAKING A TEST CYLINDER IN THE LABORATORY OF THE 
UNIVERSITY OF MIssouRI 


TaBLE 19.—Data on cylinders secured on Federal-aid project 
174 B-2 in Hughes County, Okla. 


[Mix 1: 2:3; gravel coarse aggregate; Koehring mixer in good condition] 












































30-second mix 45-second mix 60-second mix 
Com- Com- Com- 
A | pressive Wy, pressive Ww pressive 
Cc strength | strength Cc strength 
Lbs. Lbs. Lbs. 
iper sq. in. per sq. in. per sq. in. 
0. 669 4,110 0. 678 4, 290 0. 720 3, 490 
. 660 4, 220 . 660 4, 500 . 660 4, 320 
. 666 4, 460 . 642 4, 100 428 3, 470 
- 633 3, 230 . 622 3, 450 . 644 5, 100 
. 573 4, 640 . 630 4, 730 . 598 5, 350 
i 676 4, 050 . 656 3, 890 . 646 4,710 
+597 | 4,150 . 620 4, 140 . 638 4, 180 
| sil 4, 990 . 662 5, 220 . 662 4, 520 
| 660 4, 890 . 626 4, 870 . 662 4, 460 
644 4, 700 . 644 4, 800 . 644 4, 800 
—— 
| Av. 0.650 4, 344 644 4, 399 . 660 4, 440 
90-second mix | 120-second mix 
i 
Com- Ww Com- 
=—s pressing) — pressing 
Cc strength Cc strength 
| 
Lbs. Lbs. 
per sq. in. per sq. in. 
: 0. 656 3, 850 0. 633 4, 100 
. 650 4,540 | .642 4, 930 
. 662 3, 800 - 662 4,910 
. 586 5, 200 . 640 4,710 
A 4, 800 . 642 3, 770 
. 633 4, 720 . 646 4, 530 
. 597 3, 890 . 597 3, 350 
. 638 4, 270 . 662 5, 160 
. 656 4, 540 615 4, 260 
. 644 4, 680 . 644 4, 220 
Av. 0.630 4, 429 - 638 4, 394 
' 
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TABLE 20.—Compressive strength of cores and cylinders taken on both in cores and in cylinders. are leas S 
Federal-aid projects 174B—2 and 188A in Hughes and Seminole and greatest at 90 oe rs, are least at 45 seconds 
Ss x . 


Counties, Okla. Table 21 sh h I if d 1 
{The cores and cylinders on each line of the table were taken from the same batch. ins Sen ee a ae 


Cores were tested at an age of approximately 90 days. Mix 1:2:314; gravel coarse if the rate at which good concrete increases in strength 


Se re ax targood condition) is affected by the mixing time. Four cylinders were 
(In pounds per square inch) . 





45-second mix 60-second mix 90-second mix 





! 1 


Cylinders Cores \Cylinders. Cores |Cylinders| Cores 





5, 630 5, 700 5, 030 4, 980 5,540 | 7,725 
5, 580 5,100 | 5,670 ' 5,960 3, 230 5, 185 
4, 420 5, 490 5,440 | 5,145 5, 125 6, 350 
4,710 7, 690 5,060 | 6,425 4, 210 5, 290 
3, 710 5, 110 5, 395 6, 010 5, 300 6, 500 
4, 850 5, 895 4, 620 5, 620 4, 980 4, 978 
4, 380 6, 465 4,790 | 6,280 4, 930 6, 724 
5, 230 8, 078 4,910 | 6,040 6, 250 8, 620 
5, 590 6, 331 5,110 | 5,590 4, 750 5, 517 























Bee ee ee ae eR | UP 20 | Se ee 
eee | BUOMOMNE BSUIRO) teases | = ot 
eS Ps ROROMEM Mame, ||peeweeee eo 8. 
Bieceseoee Soe BySnO ee Boysed Woe seeene |. 2 one. 
Soe. oa 550 ae da, CL ee ee (ee 
ee ae ARE) | abeAgp (eo. 0 22 |oennscee ee 
Bee ee eee «64.090 Se | eee eee ig 
Hee | ARGOO i Tso WE.22-.-. pos 2 
ee 4, 420 RAO) [epee > gin 2 
BRAS Ree |e 4, 360 CRETE. COR Meee Se 
ease | ae G20 a MeGeSO0! [geese ali sae. eS 
eae ee 5, 820 CACC DME (See a 
ieee SS 3 ee emo | Oe heen en |o. 2 --.- 

Av. 4, 935 5, 897 5,034 , 5,941 4, 983 6,008 | 








MAXIMUM VARIATIONS 























45-second| 60-second! 90-second 
mix mix mix 
ny = a ' 
Cylinders: : 
Pe Miaximium)strengihe......-..-.--.-.---=---<---- 5, 630 5, 820 6, 250 
IEW UTS eee tense co... 5----- 2-2-2 sen--n-- 3, 710 3, 750 3, 230 
IDM Co eh 1, 920 2, 070 3, 020 
IDitherence per Ceiba. ..--...+---..c-----.------- 34 36 48 
Cores: 
NMipmimirmystrength.---.-_.-..--.-..------------ 8, 078 8, 189 8, 620 : gilt 7 
RVI MEMISCROH GtMe=.-- =.= -----2-s--2---s-s555- 4, 740 | 4, 365 | 4, 425 ie e ee nas — 
OEE = 8, 338 3, 824 | 4, 195 . Pa PM : ‘Peels nt iia omer 
Difference, Per COR. ~~ - 2mm e naw ewan wenn naan ae on af 49 ONE oF THE OuTFITS UsEp ror DrintiIna Cores 





TaBLE 21.—Resulis of tests made to determine effect of mixing time on rate of increase in strength. Cylinders made on Federal-aid 
projects 174B-2 and 188A in Hughes and Seminole Counties, Okla. 


{In pounds per square inch] 





Crushing strength, 45-second mix at— Crushing strength, 60-second mix at— | Crushing strength, 90-second mix at— 





| ea | 4 
10 days | 14 days | 21 days | 28days | 10 days | 14 days | 21 days | 28days | 10days | 14 days | 21 days | 28 days | 
3, 745 | 4, 075 4, 480 5, 630 3,445 | 4,060 4,965 | 5,030 38, 125 4,220 ; 5,145 | 5,540 
3, 200 4, 145 4,360 | 5,580 4,055 3, 995 5, 070 5, 670 12,275 2, 515 2,730 3,230 
2,945 | 38,470 4,395 4, 420 3, 360 3, 830 4, 130 | 5, 440 3, 665 4, 180 5,180 | 6,125 
3, 585 4, 200 4, 370 4,710 3,785 | 3,475 4,365 | 5,060 3, 710 3,260 | 4,640 | 4,210 
2,340 3,330 4, 530 3, 710 3,825 | 4,060 4,910 5, 395 3, 950 4,220 ; 5,280 | 5,300 
| 
| 





4,140 | 4,530 4, 960 4, 850 3, 675 4, 190 5, 110 4,620 | 3,695 4, 430 4,780 ' 4,980 | 
3,200 | 3,590 4, 180 4, 380 3, 245 3, 960 4,200 | 4,790 | 3,295 4, 210 4,240 , 4,930 | 
4, 100 4, 800 4, 730 5, 230 Sig0) ay 3h 0 4,580 ' 4,910 4,310 | 4,730 5,200 | 6,250 ' 
3, 830 4, 350 5, 280 | 4, 085 4,710 ' 5,110 3,745 | 4,305 | 4,900 4,750 | 
4, 450 5,410 ! 5,520 | 3,560 ' 4,010 ' 4,850 
4, 640 4, 610 4,960 | 2,670 4,090 , 5,360 | 5,780 
3, 780 4, 220 4, 500 3, 810 4, 070 
| 3,595 3, 750 4,080 | 3,690 4, 440 4,175 5, O80 
| 8,635 4, 220 ea, oe. Se Sy ee eee 
| 4,915 5, 240 Wie i See ht ee Seema | 
oes 5 || ees || | 4, 640 AECTO MMU M CO: necre We alee eeee oe ee oe 
| 3, 185 4, 250 4,890 , 5,360 | 
| | 3,815 | 4,375 EeSTOR MOC: pee. ae. eR, eee ae | 
eee. (Saas ao SE | 3, 585 4, 170 4, 440 AQCU0) Eoese-- ae FE sk eee 
| 3.875 | 3,950 4, 870 i) i ee | GEES on, ees pee | 
3, 900 4, 560 5, 280 GOK, ee eine AR eae emir <a | 
2, $10 3, 970 ioe Pee ee 2 ae 8 





























ee ae om ne as Saas |e 3, 410 3, 350 A ecle f eaal, eee: et) ae es oe eee eee | 
5 eee os fee ere ed femmes || MG}, i!) 4,350 , 4,820 SOEUR Ginn. SUR Shave canpuet oe Neate ketone | 
oe eee Sones Ses ro ee ee i eee MS | (07-0) 4, 330 ASCS0R mE force) |hee e  eee eG 
pee ae jnen onan n= - ee eee f---- 2-22 4,540 | 4,730 SCOR moo dO, (eee eee eee ee eS 

















Av. 3, 545 4, 138 4,617 | 4, 935 | 3,698 | 4,097 | 4,757 | 5,034 13,500 | 4,054 4,739 4,983 | 


\ 1 





1 Poor break which if omitted changes average to 3,602. 
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taken from each batch of concrete selected, and broken Tapie 24.—Compressive strength of cylinders taken on a job in 
at ages of 10, 14, 21, and 28 days. There is no sig- Hillsdale County, Mich. 



































nificant difference in the rate at which concrete mixed [Mix 1:2:3.4; gravel coarse aggregate; Rex mixer in fair condition] 
for various periods has increased in strength. (Pounds per square inch) 
Tables 22 and 23 give data from jobs in South Caro- . — es 
! 1 
lina and 1 im Kansas. Mixing time in seconds Slump Fine- 
Gee NY ness 
‘ 3 : i { minute C modu- 
TABLE 22.—Compressive strength of cylinders taken on Federal-aid 30 45 60 | 75 90 120 180 | mix) | ree 
project 243A, Spartanburg, S. C. | - 
} 
Mix 94:170:370 by weight; crushed stone coarse aggregate; Foote mixer in good con- { Inches | A 
Ui : er ition: average slump ene nettieee | » 2,244 | 3,147 | 4,449 : 3, 887 | 3, 102 | 3, 926 | 3,692 134 | 0.74 5. 90 
2,020 | 3,125 | 3,480 | 3,935 | 3, 445 4 055 4 660 14%) .68] 5.60 
, 2,780 | 2,550 | 2,965 | 3,210 | 2,871 | 2,859 | 3,380 |_.__.__- .90 | 5.79 
i le 3,595 | 3,140 | 2,835 | 2,770 | 3,419 | 2,845 | 2,815 |__.____- 80} 5.76 
: ee 3,000 | 3,720 | 3,440 | 3,960 | 3,680 | 4,285 | 4,040 |..--___- 70| 5.82 
By Hs |) eae ais | ee ACR OS ses AV. 58 | 5.88 
60- 75- 60- 75- | 2900) e880 | 4,880 |. 22 jo. o se AMG25) (oko 1%| .50| 5.88 
45-second second | second soeeond | second | second | PEN) || OOS O ss 2), || Se Gh GVO) Ue 1% .50 | 5.88 
eos mix mix 5 mix mix 27 || 29409) | Qeeen 1 ah ed D) Gen) Eee 1 .49 | 5.78 
3,307 | 4am | dager |. Boats |. -<. 2 1 .49 | 5.78 
a 1,657 | 2,687 | 4,000 |_.__._- 4,000 | 3,678 |_._.-_- 1% 54] 5. ie 
3,490 | 3,050 | 2,990 2,715 | 3,395 | 3,395 8,095 | 4,085 | 3,270 _.__-._)_._..-- 3, 642 |.-_._- ; 4) .52) 57 
3,165 | 25980) | 25950 3,790 | 3,780 | 3,510 | 2,580 | 3,420 | 2,700 ..---.-|- Bec ce 3h IK aes 4 | 52) 5.77 
3,350 | 3,610 | 3,770 2890 | 3,195 | 3,550 2810 | aie | 3,470 9 oo 5,000 | 4,545 $41.56 | 5.80 
3, 010 3, 090 ) 50a | eee ea 9) 895 3, 245 2,794 | 2,408 | 3, 355 |------- 4, 823 | 4,980 |-..---- 34 -56 | 6.35 
3,730 | 3,985 | 3,950 3,090 | 3,675 | 3,795 | 4,358 | 4,723 | 4,903 |......- 5, 660 |_-_.... jroo | Ve) .55) 6.35 
3,290 | 3,310 | 2,990 |j 3,655 | 3,475 | 3,240 5, 290 | 4,628 | 4,155 |_.--_-- ANOIG) | ee See. ' 44%| 185) 6.35 
3,110 | 3,390 | 3,330 3,390 | 3,250 | 3,810 4,295 | 3,727 | 4,751 |-----.-|------- 3, 088 |.-----. %4 | 45) 6.23 
3,450 | 3,375 | 2,995 3,770 | 3,215 | 4,180 3, 464 | 4,728 | 4,687 |--...--|-.----. 4,971 |...---. | 45) 6.23 
3, 335 3, 415 4,000 |I— 5, 365 | 5,068 | 5, 568 |-__.__- 5, 810) | 5, 168 |-___--- 34 49 | 6.23 
3.375 | 3,230 | 3, 665 Av. 3,330 3,311 | 3,506 aa 
2840 | 2790 | 3,675 , os | Av. 3,221 | 3,675 | 3,838 , 3,552 | 4,247 | 4,012 | 3,717 1488) <SYeRL_. fee 
























































TABLE 23.—Data on cylinders taken on Federal-aid project 360A TABLE 25.—Compressive strength of cylinders taken on Federal-aid 
in Johnson County, Kans. project 163 in Canadian County, Okla. 
[Mix 1:2:314; limestone coarse aggregate; Koehring mixer in fair condition] 


Mix 1:2:314; limestone coarse aggregate; Foote mixer in fair condition ’ 
[ . iia J (Pounds per square inch) 


















































































































































| 
45-second mix 60-second mix 90-second mix | Mixing time in seconds Slump Fine- 
ne eee eee | ee ee (1- WwW ness 
i ; : | | ] minute| C | modu- 
Ww /_ Com- W (pcos Ww Com- 30 45 |} 60 | 75 | 90 - 120 | 180 | mix) . | lus 
a pressive — pressive <A pressive i ; i 
Cc strength C strength Cc strength — SSS SS 
a 4 ; = at wees | Inches 
3,045 | 4,495 | 5,135 | 4,415 | 4,985 | 3,260 | 4,780 | 54-214 | 0.56] 6.18 
' Lbs. per | Lbs. per Lbs. per 2,680 | 4,700 | 4,845 | 4,485 | 3,405 | 3,660 | 4,130 |....__-_|_.._._]_.-__!22 
sq. in. sq. in. sq. in. 4,325 | 4,185 | 5,350 | 5,855 | 4,520 | 3,595 | 2,420 | 33-514 | 156 | 6.04 
0.661 | 4,416 0. 675 4, 734 0. 675 5, 811 | 4,630 | 4,530 | 4,920 | 5,310 | 3,730 | 4,080 | 2,650 |.______.|.______|._____-- 
. 661 4, 522 . 675 4, 769 . 675 4, 875 2,261 | 3,290 | 3,820 | 4,270 | 5,160 | 3,065 | 5,240 | 144 .58 | 6.18 
.657 > 5,281 . 669 4, 928 nile 5, 016 2,080 | 3,380) | 4,052 | 4)520'| 5,285: 2nd) | 4,695 |---| 
. 657 5, 246 . 669 4, 769 .713 4, 981 ons pees pubababibabiing ended |e 
. 657 4, 027 . 669 5, 145 . 714 5, 122 Av. 3,145 | 4,088 | 4,687 | 4,809 | 4,509 | 3,402 | 3,974 |________ a 
. 657 4, 946 . 669 4, 734 714 4, 486 | 
715 4,274 | .666 5, 122 . 701 5, 458 = = 
715 3, 674 . 666 4, 751 . 701 5, 476 
| Poe oer | wee ‘© | oe Table 26 gives the modulus of rupture for.a series of 
eS O88 | 5,18 2 | ae beams. The cylinders taken on this job are not re- 
~OF , . » JO: »~ Or 1 as . ° ’ 
1668 | 5,600 1675 | 5,511 1672 | 4,857 ported as a new laboratory practice which was used in 
- . 668 4, 946 . 675 5, 211 . 672 4, 159 q i 
“ees | 5°440 “gaa | S70 ee | Boo br ae them rendered the results of doubtful sig- 
663 3, 833 . 684 5, 476 . 684 4, 963 n 
. 663 4, 981 . 684 5, 087 . 678 4, 910 igo ION 
. 663 4, 416 . 684 4, 734 . 678 4, 910 ; 
. 663 4, 610 . 684 4, 487 . 684 5,458. | TaBLeE 26.—Modulus of rupture of a series of beams taken on 
= y ae e - og a: > fn Federal-aid project 55A in Anderson County, Tenn. Each 
645 5, 599 652 5, 193 652 5, 052 entry is the average of three breaks 
‘ a oY Po . a , 4 Po [Mix 1:2:3!4; stone and gravel coarse aggregate; new Koehring mixer] 
657 5, 617 . 654 6, 006 . 652 4,875. | 
. 657 4, 767 . 654 5, 290 . 652 4, 346 a 
652 4,910 654 6, 289 ‘662 4,610 Milecagetinntoeeaienpiids 
. 652 4,593 . 654 5, 299 . 662 3, 992 
. 657 5,953 . 654 6, 112 . 638 5, 229 
.657 | - 5,600 . 654 4, 169 . 638 5, 087 45 60 75 120 180 240 
Av. 668 4,770 . 667 5, 153 . 676 4, 960 ; 
\ } Pounds per square inch.________. 600 532 768 | 590 635 670 
= 12. Do. eee 498 505 501; 677 660 |..___... 
Compressive strength i sgaeecan cess oa a co a Ss : Bini "Eile | Sees 
e | Do: one ae, | i 733 658 Sian... ame (a 
Average for 15 cylinders | | 0 ee tee Se | 579 555 i317 ne oe eee ee 
45-second| 60-second | 90-second DO. See een oe eee 706 576 Chi is ee 
mix mix mix | Dawe sage oe oe eae ‘716 758 GO), We ene lara 
: | Woes ae tee eae See 513 590 S63e se 
Doseeeteet Cais: =. ae 583 522 SRAM. e| Se cele | eae 
Lbs. per | Lbs. per | Lbs. per ; 
: sq. in. Sq. in. a | PAW OTHE Ole = = a= 614 574 574 | 599 647 670 
Cured with calcium chloride_.__ 4, 580 4, 920 Total number of breaks_._____-__! 82 | 34 36 10 i 3 
Cured in damp earth_._..-_-_2_.- | 4,948 | 5,367 B T0 
| Miaximume..... 9 \ 733 758 768 OU Go| a 
= ae Minin eeenes seen ee i 498 BOA 489 )) (eee 
iad i ; 1 j 
Tabl 4 ! . a erences. ese am b (2B 253 Om. Wgals. ....|2eoeeee 
bles 24 and 25 merely add to the data presented. Umea oe . ms ga ocose 
Neither is of special significance. | | | 
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TABLE 27.—Data on cylinders and beams secured on Federal-aid project 208C in Grady County, Okla. 
methods 


[Mix 1: 2: 314; limestone coarse aggregate: Koehring mixer in fair condition] 


CURED WITH CALCIUM CHLORIDE—SURFACE APPLICATION OF 2 POUNDS PER SQUARE YARD 
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Specimens were cured by various 























































































































































































































| 
30-second mix 45-second mix 60-second mix l 90-second mix 180-second mix 
| 
Com- | ' Com- | Com- Com- Com- 
pres- | Modu- pres- | Modu- | pres- | Modu- | pres- ; Modu- pres- | Modu- 
Ww Sive lus of | Ww sive lus of | w- _,Sive lus of w | _.Sive lus of 1 war sive lus of 
Slump  |Strength rupture Slump} —| — strength|rupture |Slump; — © strength rupture Slump! — || strength rupture Slump! . strength) rupture 
C of of C of of Oo ol | Cy ao | ef of of 
cylin- | beams cylin- | beams | cylin- beams cylin- | beams : cylin- | beams 
ders ders ) der | ders ders 
| e | | | 
| 
| Lbs. per Lbs. per Lbs. per | Lbs. per | Lbs. per | Lbs. per Lbs. per | Lbs. per | Lbs. per | Lbs. per 
Inches sq.in. | sq.in. | Inches; sg.in. | sq.in. | Inches; sq. sn sq. in sq. in. | sq.in. ' Inches | sq. in sq. in 
22o 3 ee ee | See ae 3.12 0.64 | 3,902 469 | 0.37 0.45 | 4,610 |......_..| 2.12 0.58 4, 424 np a ee 
eS er a ne oo een Soe eee a 12) | AGa) WP Avaish: |-.-.  Sae Bo | ap Qe |..2.----<{ 2212 | #8 Be Ue. eee | 2 | ee. eer 
~ Hee. Mier os ---- --5--2-25| 2570) 380 3, 526 664 wai | ado 4 4e@e0)) |. _.__ 2] 2500) #87 3, 956 508 _._ Ce, a ee 
~Ln ea Sces. See 2570) | S60) 3 4406) |. se aoc |45) Aeieel.. 2.00 | .57 a, | ee eee I MP A i . Sein 
eerie: BP ty... .25 | 42 |. 4,626 613 Bay leap We eon 202-8) Serb || 45 3, 823 idee eee Cen tee. Mee me 
sacioaseeeeeoe ee ere eee abe! MGs ie Ae) I-22 3) 8 | ab A BG See) Beeb! Ab Ae) eae = See eee eal , 
pale sie ales jen e ec elec eens enol ---e----- 1. 23 | 56 3, 600 552) 1.50 | 265 3, 240 621: 2.44 ' .64 3, 465 Pohl Le ee x 
ee ee ee 8) dea aa Oee,0 |e... -_.| 150 | 465 |) BeteOm..-._ |) Seta! sea Ts | aa ee 
Seo eee emer Mal eee see)|| 2 OL 3,510 549 | 4.37 | .67 3, 095 nou’; 2.00 , 160 4, 060 as 4 
ieeaatee ae locus! ares oesl eaeeeees soo «OL apet0 ieeeeeear| Seo, | On We S2e0eoceeeee|| 25007, 160 Ds Womleacas eon ce ee ae: ere Se 
eens aoe eee ee ere. oa. ee lc ecacce| | 5, mp | «02 Sai eee Ee. Ws ewe. ale eo ee ge ea 
Sete a ee en ere || | 2) We 37s, eee he he Bw. 
ee nee | ee nS | ae (Oe Se COLE eRe oh een ee Ale 2 SRDS (eee 2 Eres eee eee ee. a ee zh 
ene ee cee cd Sg eee enema car eee Calne ne he i ae as a | a| cc seeee Me eee 
Rec | | ieee PR eee 5 Se on oes [arse ns ee e aaHony|. 2c. (eee sy ae | eee 2 
oe Goad. Eo ues sae Ne eee eee Mie eee | eee eee Se eS a = regen MUS oe ee 
eee | 22 | Se eet eee 1.58 | . 606 | 3, 931 5768| wep |e33 | opses 585 | 2.46 | .568 | 3,981 eee erred amiiee4 ees 
| | ! | \ i t 
CALCIUM CHLORIDE ADMIXTURE—2 PER CENT OF CEMENT BY WEIGHT 
| | | 
0.63 10.45 3, 365 527 | 0.25 |0.49 3, 490 506 | 1.75 10.49 3, 200 | 486 | 2.88 {0.45 3, 040 548 | 2.06 0.62 ; 2,625 608 
AGsein4o We ONSRO ee... 3 Sessecs|sos osc Pas) re ers else: | ao By) el | eee ers = 22 2, 665 514 | 2.06 | “62, ; 2,305 435 
.88 | .52 | 2,015 448 37 | .49 2, 825 520 2.12 | .54 2, 550 478 .20 | .50 2, 875 576 “Zo | 8 | 2; S20 530 
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Table 27 covers series of cylinders which were taken 
where special methods of curing were used on the pave- 
The cylinders were cured just as the pavement 
wascured. Beams were also made (cross section 6 by 8 
inches) and the modulus of rupture for these is given. 

Table 28 gives the results of a series of density deter- 
minations of cylinders and cores with the breaking 


ment. 


f 
; 





strengths of some of the cylinders. 
the densities determined for both cylinders and cores is 
outstanding but there is a wide variation in the breaking 
strength of the cylinders. 


The uniformity of 


The density determinations 
were made at the University of Texas under the direc- 


tion of Professor Thomas, whose assistance in this and 
other phases of this study has been very helpful. 
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TABLE 28.—Results of density determinations of cylinders and cores 
taken on Federal-aid project 449A in Clay County, Tex. 


{Mix 1:2:314; crushed rock and gravel coarse aggregate; Koehring mixer in good 
condition] 
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Table 29 is a general summary of the preceding 
tables. In preparing this table the results secured on 
Texas Federal-aid project 475 and Oklahoma State- 
aid project 159A have been omitted because in one 
case the mixer charged slowly and in the other case 
the inside of the drum was heavily coated with concrete. 
Kansas Federal-aid project 360A might, with some 
reason, also have been omitted as the mixer charged 
slowly, though in this case the lag was not extreme. 
These results cause a slight reduction in the average 
strength of the concrete mixed 45 seconds. 

Table 30 is a study of the uniformity of the test re- 
sults. It is valuable in that it brings out the fact that 
uniformity of results has not been greatly affected by 
the length of the mixing period. 

Before presenting the conclusions drawn from this 
study, it is desired to refer to work along this same line 
done by the California State Highway Department and 
reported by S. S. Pope in California Highways, Febru- 
ary, 1926. These tests resulted in the conclusion that 
concrete mixed two minutes was not better than that 
mixed one minute. 


BasED ON AVERAGE RESULTS FOR 1,266 CYLINDERS 


Reference should also be made to the report of Duff 
A. Abrams before the 1918 meeting of the American 
Concrete Institute. It appears from a rather careful 
study of the data presented at that time that a fact of 
considerable importance has been overlooked in this 
report, and in discussions of it, namely, that for mixes 
of approximately the proportions now used in concrete 
paving and for water-cement ratios approximately as 
are in use to-day, increasing the mixing period from one 
minute to two minutes not only failed to increase 
strength but actually caused an average loss in strength. 

Every investigator should be permitted all reasonable 
latitude in the interpretation of the results of tests 
made under his direction. Therefore, as a recession in 
a generally ascending curve such as the mixing-time- 
strength curve has been assumed to be, is of uncommon 
occurrence, it is not surprising that in plotting the 
results of this test the significance of these results was 
overlooked, a steadily rising curve being used. But, in 
view of the data which has been secured, it is interesting 
to wonder whether the test results were not, after all, 
accurate and the interpretations of them on which 
modern practice in this matter so largely rests, too 
general. Figure 1 and Table 29 summarize the data 
secured in the mixing-time studies for the convenience 
of those who wish to examine the general trends 


indicated. 
CONCLUSIONS 


Conclusions drawn from an investigation of this sort 
must be prefaced by at least a brief reference to such 
matters as the margin of error in testing work, of the 
meaning of averages, of probabilities and related 
matters. For example, it is known that the results 
obtained by breaking a long series of cylinders, which 
are as nearly alike as anyone knows how to make them, 
are seldom wholly consistent. How much of this is 
due to differences in the cylinders themselves, no one 
knows. It is customary to assume that much, if not 
most of it, is. On the other hand, the average strengths 
obtained by different laboratories on groups of random 
cylinders taken from a series, all of which should be of 
equal strength, will sometimes differ more than a 
thousand pounds. This is quite a sufficient basis for 
the conclusion that differences in the strength of 
individual cylinders in the same series are not wholly 
the result of differences in the cylinders themselves. 
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Insert: onupageliil of Public Roads, Vol. 9, Nos 5, 


July 1928. 


The following paragraph was inadvertently omitted from the 
published report; 

As three-quarter minute mixing provides an insufficient factor 
of safety for practical operations, and as it is doubtful whether 
construction processes other than the mixing operation itself can 
be speeded up sufficiently to take advantage of the marginal time 
fraction, it is recommended that a mixing time of one minute be 
adopted as the minimum consistent with assurance of reasonable 
uniformity and adequate strength of the concrete. The cvidence is 
strong that thoroughly satisfactory concrete can be produced by 
{21E and 27E) pavers in good condition with a one-minute mixing 


period. 


——_ 


July, 1928 
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This is brought out in Table 28, the differences in 
strength in this case being so much greater than the 
difference in specific gravity that it seems some other 
factor must be involved. 

The unavoidable errors innate in work of this sort 
make it impossible to assert that we are ever dealing 
with specific facts. What we really have is a mass of 
data, all of which may be inexact and most of which 
undoubtedly is somewhat in error. Averages tend to 
correct these errors, but do not wipe them out entirely. 
The averages certainly are not accurate as to the units 
or the tens, and probably are not accurate as to the hun- 
dreds. Indeed, it is doubtful if they are accurate to 
within 5 per cent. This being the case, their signifi- 
cance lies in the trend they show. For this study the 
averages secured for mixing periods from 45 seconds to 


effect without significant trend either up or down. 
The figures themselves are practically meaningless, 
but the lack of either upward or downward trend is 
significant. It is also significant that there is the 
same lack of trend in the average maximum and in 
the average minimum strengths. The amount of data 
accumulated on core strengths and on beam strengths 
is less than that accumulated on cylinder strengths, 
but none of it in any way is contradictory to the ‘data 
derived from cylinders. 

Summarizing the situation in the light of the data 
collected during this study, the evidence strongly indi- 
cates that where standard 21E and 27E pavers which 
are in good condition are used, neither strength nor 
uniformity of test results is improved by mixing the 
concrete over 45 seconds. 


180 seconds, when plotted, produce a saw-toothed 


TABLE 30.—Uniformity of test results as indicated by percentage of cylinders varying in compressive strength by 15, 10, and 5 per cent 
from average for group 


[A total of 1,464 cylinders reported iu this tabulation, but only 1,385 included in averages] 
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1 Not included in totals or averages (79 cylinders). 
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LIP CURB FOR CONCRETE PAVEMENT 


Reported by ST. CLAIR T. THOMAS, Associate Highway Engineer, Division of Design, United States Bureau of Public Roads 


pavements from erosion by the run-off of rain as its capacity is only sufficient for normal rainfalls, 


iP curbs, to protect the earth shoulders of concrete differs from the integral curb, or the curb and gutter, 


water, have been included in designs submitted and the height—2 to 3 inches in 8 to 12 inches—is not 


for Federal-aid projects, by four States—Georgia, 








2" ASPHALTIC CONGR 


j——I-2° 10" +. 3.9 "_____. 
ETE =e 7 7, 7 TTR STRIDE 






EXTRA THICKNESS 
PAVEMENT ADJACENT 
TO MINNEAPOLIS 


MINNESOTA 


Fic. 1.— Dersians or Lip Curss ror CONCRETE PAVEMENTS 


Illinois, Iowa, and Minnesota. These designs are 
shown in Figure 1. The lip curb, or edging, con- 
structed on the top of the pavement, serves the purpose 
of carrying the rain water to the nearest offtake. It 


sufficient to prevent traffic from running over the edge 
of the pavement. 

The necessity for lip curb is determined by the 
character of the shoulder material and the grade of the 
pavement. It is usually not required in the heavier 
soils, such as clays, which do not erode as readily as 
silt or sand. Iowa, where the loess soil erodes readily, 
was one of the first States to submit lip curb on a 
Federal-aid project. 


Typre or Curs Usep By Iowa In 1925. Note Bara Stop- 
ING TOWARD PAVEMENT 


The lip curb is constructed immediately after the 
pavement proper has been finished. The side forms are 
raised to the required elevation, and then the extra 
concrete of the same mix as the pavement is spread 
next to the form and finished to the proper cross sec- 
tion with a float. In Georgia the comer is rounded 
with an edging tool. Offtakes are constructed at suit- 
able locations, the design of the opening varying with 
the steepness of the roadway grade. 

In both Ihnois and Georgia the unit for payment is 
the lineal foot of lip curb. On one project in Illinois 
the price was 10 cents, and on a job in Georgia the cost 
was 4 cents a lineal foot. In Minnesota and Iowa the 
cost is included in the unit price bid for the concrete 
pavement. 
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ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS 


Applicants are urgently requested to ask only for those publications in 
which they are particularly interested. The Department can not under- 
take to supply complete sets nor to send free more than one copy of any 
publication to any one person. The editions of some of the publications 
are necessarily limited, and when the Department’s free supply is 
exhausted and no funds are available for procuring additional copies, 
applicants are referred to the Superintendent of Documents, Govern- 
ment Printing Office, this city, who has them for sale at a nominal price, 
under the law of January 12, 1895. Those publications in this list, the 
Department supply of which is exhausted, can only be secured by pur- 
chase from the Superintendent of Documents, who is not authorized 
to furnish publications free. 


ANNUAL REPORTS 
Report of the Chief of the Bureau of Public Roads, 1924. 
Report of the Chief of the Bureau of Public Roads, 1925. 
Report of the Chief of the Bureau of Public Roads, 1927. 


DEPARTMENT BULLETINS 


No. 105D. Progress Report of Experiments in Dust Prevention 
and Road Preservation, 1913. 

*136D. Highway Bonds. 20c. 

220D. Road Models. 

257D. Progress Report of Experiments in Dust Prevention 
and Road Preservation, 1914. 

*314D. Methods for the Examination of Bituminous Road 
Materials. 10c. 

*347D. Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10c. 

*370D. The Results of Physical Tests of Road-Building 
Rock. 15e. 

386D. Public Road Mileage and Revenues in the Middle 
Atlantic States, 1914. 

387D. Public Road Mileage and Revenues in the Southern 
States, 1914. 

388D. Public Road Mileage and Revenues in the New 
England States, 1914. 

390D. Public Road Mileage and Revenues in the United 
States, 1914. A Summary. 

407D. Progress Reports of Experiments in Dust Prevention 
and Road Preservation, 1915. 

*463D. Earth, Sand-clay, and Gravel Roads. 15c. 

*532D. The Expansion and Contraction of Conerete and 
Concrete Roads. 10c. 

*537D. The Results of Physical Tests of Road-Building 
Rock in 1916, Including all Compression Tests. 
5c. 

*583D. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25c. 

*660D. Highway Cost Keeping. 10c. 

*670D. The Results of Physical Tests of Road-Building 
Rock in 1916 and 1917. 5c. 

*691D. Typical Specifications for Bituminous Road Mate- 
rials. 10c. 

*724D. Drainage Methods and Foundations for County 
Roads. 20c. 

*1077D. Portland Cement Concrete Roads. 15c. 

1259D. Standard Specifications for Steel Highway Bridges, 


adopted by the American Association of State 
Highway Officials and approved by the Secretary 
of Agriculture for use in connection with Federal- 
aid road work. 

1279D. Rural Highway Mileage, Income, and Expendi- 
tures, 1921 and 1922. 


DEPARTMENT BULLETINS—Continued 


No. 1486D. Highway Bridge Location. 
DEPARTMENT CIRCULARS 
No. 94C. T. N. T. as a Blasting Explosive. 
331C. Standard Specifications for Corrugated Metal Pipe 
Culverts. 
TECHNICAL BULLETIN 
No. 55. Highway Bridge Surveys. 
MISCELLANEOUS CIRCULARS 
No. 62M. Standards Governing Plans, Specifications, Con- 
tract Forms, and Estimates for Federal Aid 
Highway Projects. 
93M. Direct Production Costs of Broken Stone. 
*105M. Federal Legislation Providing for Federal Aid in 
Highway Construction and the Construction of 
National Forest Roads and Trails. 5c. 
FARMERS’ BULLETINS 
No. *338F. Macadam Roads. 5c. 
SEPARATE REPRINTS FROM THE YEARBOOK 
No. *739Y. Federal Aid to Highways, 1917. 5c. 


*849Y. Roads. 5c. 
914Y. Highways and Highway Transportation. 
937Y. Miscellaneous Agricultural Statistics. 


TRANSPORTATION SURVEY REPORTS 


Report of a Survey of Transportation on the State Highway 
System of Connecticut. 

Report of a Survey of Transportation on the State Highway 
System of Ohio. 

Report of a Survey of Transportation on the State Highways of 
Vermont. 

Report of a Survey of Transportation on the State Highways of 
New Hampshire. 


REPRINTS FROM THE JOURNAL OF AGRICULTURAL RESEARCH 


Vol. 5, No. 17, D- 2. Effect of Controllable Variables upon 
’ the Penetration Test for Asphalts and 


Asphalt Cements. 


Vol. 5, No. 19, D- 3. Relation Between Properties of Hard- 
ness and Toughness of Road-Build- 
ing Rock. 

Vol. 5, No. 24, D- 6. A New Penetration Needle for Use in 
Testing Bituminous Materials. 

Vol. 6, No. 6, D— 8. Tests of Three Large-Sized Reinforced- 


Concrete Slabs Under Concentrated 
Loading. 

Tests of a Large-Sized Reinforced-Con- 
erete Slab Subjected to Eccentric 
Concentrated Loads. 


Vol. 11, No. 10, D-15. 





* Department supply exhausted. 
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